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respiratory chamber, with that of the standard colour solution of known 
hydrogen ion concentration in the test tube, the diameter of which being 
Approximately equal to that of the respiratory chamber. 

Sometimes the gill piece was mounted on a hollow glass, *or was 
supported on a piece of thread extended just beneath the cover slip of 
the respiratory chamber described above, in order to bring the gill tissue 
near the objective lens of the microscope, when high magnification was 
required. 

The excised gill tissue of Pecten survives and continues ciliary movement 
for many days in good condition, if kept properly in the open glass vessel 
with sea-water. It was also ascertained at first that the pH indicators 
were not perceivably toxic as far as the present experiment was concerned. 
In the experiments, the preparation of the gill tissue was allowed to respire 
in the closed respiratory chamber, and the ciliary movement continued for 
a considerably long period, if the medium was ordinary seawater. As 
the time elapsed, however, the movement of the cilia gradually slackened 
and was brought to rest at last. Whether the stoppage of cilia is due 
to the lack of oxygen or to the effect of carbon dioxide produced by the 
tissue respiration was made out in the experiment given below. 

The time required for the cessation of the ciliary movement in the 
normal sea-water in the closed respiratory chamber varies according to 
the size of the piece of the tissue and of the chamber. The ciliary movement 
keeps the medium in circulation and in a sufficiently uniform condition. 
We often observe, however, that the cilia do not stop at the same time 
in all parts of the gill piece. This is certainly due to the differences 
of the oxygen tension caused by local obstruction of circulation in such a small 
confined space of the chamber. This disadvantage could practically be 
overcome by agitating the medium, inverting the vessel from time to time. 
The gill piece which sinks to the bottom by its own weight when the 
vessel is inverted stirrs up the medium. 

When the sea-water was acidified and the hydrogen ion concentration 
was sufficiently high, the ciliary movement was stopped immediacy. This 
effect wus quite distinct and could easily be observed. 

For the determination of the hydrogen ion concentrations of the medium, 
the Clark and Lues’ series of indicators were used. As the complete 
data for correction of salt errors with sea-water are not on hand, the 
values given in this paper are uncorrected, unless otherwise stated. The 
salt errors of the indicators employed are, however, of the order of 
magnitude of 0.15 to 0.35 pH unit with 1/2 M NaCI, but there exist some 
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discrepancies among the data obtained by different authors 0 . 

The salt errors of the indicators are, however, fortunately in the same 
direction, and the magnitude of errors is not very different. For the 
comparison of the.effect of pH values caused by different acids, our deter¬ 
minations will suffice practically. Subtraction of 0.25 on average from the 
observed values given in this paper may give more approximate ones. The 
correct pH value of the normal sea-water of the laboratory was electro- 
metrically determined and found to be pH 8.2. (Kokubo, p. c.). 

EXPERIMENT. 

Effect of lack of oxygen and effect of C() 2 . 

The piece of gill tissue was enclosed in the respiratory chamber with 
sea water and was allowed to continue ciliary movement. Table I sum¬ 
marises the observations upon the cilia. In this example, it required two 
hours to bring the cilia to complete cessation of movement, when the 
hydrogen ion concentration in the medium fell down to pH 8.15 owing to 
the accumulation of carbon dioxide produced by the respiration of the gill 
tissue. Two and half hours later, the respiratory chamber was opened 
and the medium was renewed with sea-water acidified with CO* down to 
pH 7.0, and the vessel was again closed. Five minutes after the renewal, 
the cilia showed recovery and soon resumed active movement. One and 
a half hours later, the pH of the medium decreased below 6.8 and the 
ciliary movement came to rest. The medium was renewed again, therefore, 
with sea water acidified with CO- to pH 6.7, then the cilia resumed the 
movement promptly. The movement continued for two and a half hours, 
when the pH of the medium had fallen to 6.6. The preparation was 
allowed, after the cessation of the movement, to stand over night in the 
respiratory chamber, and the pH value of the medium was found to be 
6.5 at the twenty fourth hour of experiment, in the next morning. The 
cover slip was removed after the observation and the medium was exposed 
to the air. After one hour, the pH value of the sea-water in, the vessel 
rose to 7.1 as the C0 2 had escaped, and cillia decidedly recovered and 
began to beat, though not very actively at first. 

From the foregoing experiment it may be inferred that the ciliary 
movement of the gill piece continues for about two hours in the closed 
vessel, and the movement could recover even when the medium was renewed 

,j Ci.\rk 1928; Kopaczewski 1926; Harvky 1928; Kokcbo, p. c 
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Table I. 


Experiment No. 2. Effect of lack of oxygen. 

Temperature: 20.5-23.(TC. Size of gill (issue: 16 mm. x6 mm. 


Dote j 

i Time of 

experiment 

pH of medium' 

1 Ciliary movement 

Sept. 12, 

9:00 a. m. 

hr . 

1 

min. 

0 

i 

8.2 

Active 

i 



30 

8.2 

| do. 


1 

0 

8.2 

' A little slackened. 

■ 

1 

30 

8.15 

Slackened. 


o 

0 

8.15 

Completely ceased. 

: 

4 

0 

| 8.10 

do. 


4 

30 

7.0 

Medium renewed with sea-water 
carbonated to pH 7.0 


4 

35 

7.0 

Cilia began to beat 


5 

0 

6.8 

; Active 


5 

30 

1 6.8 

1 Slackened 


6 

0 

| <6.8 

! Stopped 


6 

10 

j 6.7 

j Medium changed with carbonated 
sen-water, pH 6.7 


0 

30 

6.7 

; Active 


7 

30 

1 6.6 

Inactive 


X 

30 

| 6.6 

do. 


9 

0 

6.6 

Stopped 

Sept. 13, 

9:30 a. m. 

21 

0 

6.5 

Stopped. Cover glass removed after 
observation 


25 

0 

• 7.1 

Movement recovered 


"pll values higher than 6.8 are corrected for salt error, which is about 0.2 for 
P R. and T. B. with NaCI in concentration isotonic to sea water. Other values are 
uncorrccted. 


with carbonated sea-water of a pH value lower than that of the medium 
at the stoppage of the ciliary movement. It may be concluded, therefore, 
that the stoppage of the ciliary movement under these experimental condi¬ 
tions should be ascribed to the effect of oxygen deficiency, hut not to the 
accumulation of carbon dioxide excreted by the gill tissue. In other words, 
the amount of carbon dioxide produced by the gill tissue at the expense 
of oxygen in the normal sea-water in the vessel is far from being sufficient 
to affect the ciliary movement perceivablv. Neither the specific action of 
carbon dioxide nor the increase in hydrogen ion concentration, caused by 
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the latter, does materially influence the ciliary movement before the lack 
of oxygen brings the cilia to stoppage, as the sea-water possesses a good 
deal of buffering action and absorbing power for carbon dioxide. The first stop¬ 
page of the cilia set in after two hours of experiment, the second took 
place one and a half hours after the renewal of the medium and the third 
cessation came in three hours after the renewal. These differences in the 
length of the time required for the stoppage of the ciliary movement may 
be ascribed to the difference of the respiratory rate of the gill tissue in 
different periods of experiment. It is generally known that various physio¬ 
logical processes are accelerated or retarded hefore and after the living 
system has undergone toxic or narcotic effects, according to their strength 
and period of action. 

The pH values, at which the cilia stopped, also varied; the first stop¬ 
page took place below pH 8.15, the second about pH 6.8 and the third 
at 6.6. Such a wide range of variation in the pH value at the stoppage 
leads to the inference that the increase in hydrogen ion concentration in 
this range at most is not the dominating factor which brings the cilia to 
rest, under the conditions of the present experiment. This is the important 
point for our work on the oxidation-reduction potential above mentioned, 
which will be published in the near future 1 \ 

It should also be noted that the ciliary movement could recover even 
after a long sojourn in the closed vessel in the experiment. The longer 
the sojourn in the chamber, the longer was the time required for the 
recovery of the ciliary movement on return to the normal sea water. This 
is clearly shown in Table V. 

In experiment No. 3 (Table II), the ‘medium employed was sea-water 
passed through with expired air, and its pH value was 7.5 at the start. 
At one and a half hours of experiment, the cilia were stopped and the pH 
value was found to be 7.25. The stoppage of the cilia is certainly due to 
the lack of oxygen as was evidenced by the prompt recovery of ciliary 
movement when the medium was replaced by sea-water with a lower pH 
value of 7.2. Two hours later, the pH of the medium fell to 6.95 and 
the cilia were brought to rest. The medium was again renewed with sea¬ 
water almost saturated with expired air and having a pH value of 6.5. 
Then the cilia gradually began to beat. One hour later, the movement was 
slow but steady, as the tension of carbon dioxide was already high. The 
preparation was allowed to stand until the next morning when the obser- 

■> Nomura 1932 
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Table II. 

Experiment No. 3. Temperature: 20.6-23.0°C. Sefc-vvater passed with expired air. 


Date 

Time of 
experiment 

pH of medium ; 

Ciliary movement 


Sept. 12, 

1:45 p. m. 

hr. min. 

0 

7. 6 

Active 



! 

30 | 

7.35 

do. 




0 I 

7.3 

A little slackened 



1 

30 I 

7.25 

Stopped 

1 Medium renewed, pH 7. 2 



1 

35 

7.2 

I ^ 

I Cilia began to recover 



rt 

0 

7.05 

/ctive 



; 2 

30 

7.0 

do. 



! 3 

i 

30 

6.95 

1 Stopped 

j Medium renewed, pH 6.5 



1 :i 

35 

6.50 

Began to recover 



4 

30 

6.5 

Slow but steady 



19 

15 

6.4 

| Stopped 

Cover glass removed 


Sept. 13, 

9:00 a. m. 

19 

45 

6.8 

| Began to recover 

1 



j 20 

45 

7.2 

i Recovered but inactive 



vation was repeated and the cilia were found to have completely stopped 
at pH 6.4. Then the cover glass was removed, and after thirty minutes 
the pH pf the medium gradually increased owing to the escape of carbon 
dioxide, and the cilia recovered slowly. After one and a half hours, the 
cilia showed slow but steady movement. The result of the experiment 
inevitably leads us to the conclusion that the cessation of the ciliary 
movement is due to the lack of oxygen, and not to the action of carbon 
dioxide. As the hydrogen ion concentration of pH 6.5 was not sufficient 
to arrest the ciliary movement, (Table II), an experiment with C0 2 sea 
water having a lower pH value, i. e., 6.0, was carried out (Table III). 
Even this pH was not sufficient to bring the cilia to rest, provided the 
oxygen tension was sufficient for the cilia. The pH of the medium at the 
start was much lower than that in the previous experiment, and the ciliary 
movement was inactive from the beginning. But the movement continued 
for three hours in the first trial, and for four hours in the second trial 
after the renewal of the medium. The reason why it required a longer 
time to stop the cilia in the second trial than in the first trial may be 
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Table III. 


Experiment No. 5, A. Effect of COa sea-water. Temp. 20.0~2l.3*C. 


Time of 

exper. 

pH of medium 

Ciliary movement 

hr. 

min. 

0 

0.0 

Inactive 


80 

6.0 

Much slackened 

•> 

0 

5.95 

Feeble 

:* 

0 

5.9 

Stopped 

Medium renewed, pH 6.0 

3 

5 

6.0 

Recovered 

3 

35 

5.95 

Inactive 

4 

0 

5.9 

do. 

4 

30 

5.9 

do. 

5 

0 

5.9 

Much slackened 

5 

30 j 

5.9 

Feeble 

7 

30 

5.9 

Stopped 


that in the second trial the ciliary movement was decreased, the respiratory 
rate was also diminished, and the exhaustion of oxygen, which limits the 
ciliary movement, was retarded. The pH 6.0 of the carbonated sea-water 
at 20°C. corresponds to the CO, tension of 5/100 of an atmosphere 0 . 
This is equal to that of alveolar air. This pH value was never reached 
at the stoppage of the cilia, when the experiment was started with the 
normal sea-water. As this pH value was not sufficiently effective, another 


Table IV. 

Effort of carbonated soa-water. Temp. 21.2-21.!t°C. 


Time 

j pH of medium 

j Ciliary movement 

hr. min. 

1 

1 


0 o 

5.0 

Stopped ii.stantly and completely 

30 

| 5.0 

Stopped 



Cover glass removed 

1 30 


No recovery 



Medium replaced with fresh sea 



water pH 8.2* 

2 37 

8.2* 

Prompt recovery 


*pH values corrected for salt error. 


U McClendon and Medks, 1925, p. 214. 
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experiment with carbonated sea-water of pH 5.0 was made (Table IV). 

It should be mentioned, by the way, that the removal of the cover 
glass alone is not sufficient to admit the air rapidly into the medium and 
to remove the excessive carbon dioxide*. The rate of diffusion of carbon 
dioxide in the medium seems to be rather slow. Renewal of the medium 

Table V. 


1 

Time of exposure to j 

C02'Sea-water, pH 5.0 j 

Time required for recovery of 
ciliary movement after return 
to normal sea water, piI 8.2* 

min. 

min 

10 

1 

:io 

8 

60 

13 


* value corrected for salt error 


with fresh sea-water, on the contrary, permits prompt recovery. Toxic- 
action of carbon dioxide is, however, indicated. A brief experiment, there¬ 
fore, was made to see the relation between the time of exposure to 
carbonated sea-water and the time required for recovery of ciliary movement 
after the return of the gill tissue to normal sea-water (Table V). 

The longer the sojourn in carbonated sea-water, the longer was the 
time required for recovery. 

Effect of hydrochloric acid. 

Bearing in mind that the specific narcotic action of carbon dioxide and 
the difference between the penetrative power of weak and strong acids, it 
seemed us interesting to compare the effect of the former with that of the 
latter kinds of acid. The pH value of the medium acidified to pH 5.0 
with hydrochloric acid tended to rise during the experiment (Table VI). 
The medium had, therefore, to be renewed from time to time to keep 
it at a given low pH value. The pH of the medium rose considerably 
in a quarter or two, and pH 5.0 at the beginning of the experiment was 
not sufficient to bring the cilia to prompt stoppage. Here we clearly observe 
the difference of the action of carbonic acid and hydrochloric acid at the 
same pH value. This is certainly due to the greater penetrative power of 
the former. 

As pH 5.0 was not sufficiently effective to arrest the cilia, a series of 
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Table VI. 

Experiment No. 7. Effect of HO. Temperature: 20.6-21.2*C. 


Preparation A 

Preparation B 

Time 

pH of 
medium 

Ciliary movement 

Time 

pH of 
medium 

Ciliary movement 

. 

mm. 
0 1 

5.0 

Inactive 

min 

0 

5.0 

Inactive 



Medium renewed j 



* Medium renewed 

10 

5.0 

Inactive 

10 

5.0 

Inactive 

25 ! 

! 5.4 

do. 

25 

5.4 

do. 



Medium renewed i 

i 


Medium renewed 

HO 

5.0 

Inactive 1 

' 30 

5.0 

Inactive 

60 

5.4 

do. 

I 55 

5.7 

do. 


experiments were carried out with the lower pH values down to 3.4 (Table 
VII) to determine the critical point at which the difference in pH value 
clearly manifests itself in depressing the ciliary movement. 


Table VII. 

Experiment No 8. Effect of HCI. 


pH of medium 

| Temperature 

Ciliary movement 

4.6 

| 20.4 

Somewhat slackened 

4.4 

M 

Inactive 

4.0 

» 

Inactive, but still c- ntinues for 
thirty minutes 

3.6 

20.1 

Instantly stopped 

3.4 

»» 

do. 


The ciliary movement is affected by the hydrogen ion concentration of 
pH 4.6, but the movement continues at this pH for a long time, and in 
the range pH 4.0 to 4.4 the effect of hydrogen ion is more pronounced, 
but it affects the cilia very gradually and the movement is stopped after 
thirty minutes of exposure at pH 4.0. Below pH 3.6, however, the effect 
is quite immediate, and the cilia are arrested instantly. We may, therefore, 
locate the critical pH value between 3.6 and 4.0, u e., 3.8 approximately. 

Effect of phosphoric add . 

The different pH values as given in Table VIII were examined with 
sea-water acidified with phosphoric acid. Two series of experiments were 
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Table VIII. 


Experiment No. 9. 


Effect of phosphoric acid. 

pH of medium 

Temperature 

Ciliary movement 

6.6 

•c 

20.2 

! 

1 Somewhat slackened 

6.a 

I 


' Slackened 

5.0 

20.1 

1 

! Much slackened 

4.6 ! 

20.7 

Inactive. Stopped after 5-10 minutes of 

1 exposure 

4.2 ! 

i 

21.0 

| Almost stopped instantly. Completely stopped 
! after five minutes of exposure 

a.4 

20.4 

Stopped instantly 


carried out and the results coincided satisfactorily with one another. 

The critical pH value for instant stoppage of the ciliary movement in 
the phosphoric acid solution must lie between 3.1 and 1.2. The effect of 
phosphoric acid in the range of pi I 1.2 to 4.6 is apparently greater than 
that of hydrochloric acid in the range of pH 4.0 to 4.4. In other words, 
phosphoric acid is much more effective than hydrochloric acid at the same 
pH value. 


Effect of acetic acid . 

The effect of acetic acid was more briefly surveyed, and the results 
are summarised in Table IX. 


Table IX. 

Experiment No. 10. Effect of acetic acid. 


pH of medium 

Temperature 

Ciliary movement 

5.6 

1».4 

1 Very inactive, hut continues a lonf< time 

5.U 

20.2 

j Instantly stopped 

6.0 

»l 

j do. 


The movement of the cilia was instantly arrested at a much higher pH 
value with acetic acid than with hydrochloric and phosphoric acid. This 
value for acetic acid. pH ca. 5.45 approximates the critical pH value for 
carbonic acid, which arrests the cilia instantly at pH 5.5±0.5. The effect 
of acetic acid in the range pH 5.3 to 5.6 is comparable to that of hydro¬ 
chloric acid in the rage of pH 4.0 to 4.6. 
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The gill pieces were exposed to acetic sea-water of pH 5.0 for different 
periods of time, and the time required for recovery of movement varied 
with the length of time the pieces remained in the acidified sea-water 
(Table X). 

Comparing these figures with those in Table V shows that the recovery 
is much more rapid with acetic acid than with carbonic acid at the same 
pH value, after the same period of exposure. 

Table X. 


Period of exposure to acetir 
acid-sea water, pH 5.0 

10 min. 

30 

60 


Time required for recovery of 
ciliary movement on return to 
normal sea water 

Almost momentary 
3 min. 30 sec. 

8 


ADDENDA. 

The experiments above described were conducted during September of 
1929, at the Asamushi Laboratory. The author had an opportunity to 
repeat part of the experiment with carbonic and hydrochloric acids in the 
spring of 1931 at the same laboratory. The temperature of the room in 
the former season was over 20°C., while that in the latter season was 
considerably low, i. c., ca. 13 y C. 

In the latter season, the critical pH values were more precisely deter¬ 
mined as given below. 

Effect of COo. The stock solution of carbonated sea-water was made 
by saturating sea-water with carbon dioxide from Kipp’s gas generator, 
washed on the way in solution of potassium permanganate and in sea-water. 
The pH of the sea-water saturated with carbon dioxide at 13 C. is about 
4.8. This stock solution was diluted with normal sea-water to any desired 
pH values to be examined. 

The tissue does not readily take up the indicators, brom cresol green 
and brom cresol purple, to show appreciable coloration in the short period 
experiment. Longer exposures in the dye solution give the tissue a 
considerable coloration, which, however, readily disappears on return of 
the tissue to normal sea-water owing to escape of dye into the surroundings. 
Brom cresol purple in the tissue assumes its extreme purple tone in the 
alkaline side, which indicates that the cell interior is approximately at pH 
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7.0. When the tissue is placed in the carbonated medium, the pH of the 
latter gradually increased by a considerable amount during the course of 
the experiment, probably due to dilution and buffering of carbon dioxide 
by the tissue and its adherent sea-water. 

The critical pH, at which the ciliary movement is ceased promptly and 
completely in the carbonated sea-water, is 6.15 t0.05. At the higher pH 
values, the movement is only slackened and continues for by far a longer 


Table XI. 

Effect of C0 2 Temperature: 1.3’C. 


Date 

pH of medium 

Time required 


Remarks 


for stoppage 




sec. 

i 


May 24 

5.2 

<20 




5.6 

>20 

Indicator 

: Hrom cresol green Tissue does 


5.7 

<20 

not stain appreciably during period of 
experiment 


5.8 

<20 




>5.8 

i ' ;«> 



May 24 

j 5.9 

• >30 

Indicator: Hrom cresol puip'e 


(5.0 

1 <20 




! 6.1 

<20 



May 25 

6.2 

<30 




6.2 


1 min. 

incomplete stop 




■ *> 

.3 

almost complete stop 
complete stop 
final pH~6.3 


6.2 


I min. 

almost complete stop, except in 
small portions of tissue piece 



| 

3 „ 

complete stop 

i 

>6.2 


1 5 min. 

partial and incomplete stoppage 




10 „ 

complete stoppage 


6.2 

<60 




6.2 

, 

1 min. 

incomplete stoppage 



! 

2 ,, 

.3 „ 

almost complete stop, 
complete stoppage 


6.4 

. 

i 

i 

i 

5 min. 

movement slowed or partially 
stopped 




15 ,, 

movement much slackened, tissue 
coloured considerably 


1 


‘ hr.. 

movement much slackened, but 
no definite stoppage. 
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time. The critical pH at the low temperature of this season was higher 
than at the higher temperature of the former season. The difference is 
by far beyond the limit of probable experimental error of any kind, and 
must be due to the difference of temperature in both seasons. 

The influence of temperature upon the physiological effect of hydrogen 
ion concentration has not yet been studied satisfactorily as far as I am 
aware 1>S) . 

In the present study, it has been shown that the physiological effect 
of hydrogen ion concentration varies with the temperature, and a lower 
concentration (higher pH) suffices to bring the cilia to rest at a lower 
temperature. The apparent temperature coefficient of the depressing effect 
of hydrogen ion upon the ciliary movement is, therefore, less than unity. 

Effect of hydrochloric acid. Sea-water was acidified with hydrochloric 
acid to various normalities and pH values. The critical point at which the 
cilia are stopped completely in a relatively short time, say one minute, 
was determined. The results are summarised in Table XII. At pH 4.0 
the ciliary movement is much affected and slackened, but it continues for 
a long time and no definite stoppage was observed. The pH of the 
medium rose up meanwhile to 4.6. At pH 3.8, the cilia were completely 


Table XII. 

May 26, 1931, Temperature: 13°C. Indicator: B. P. B. 


HC1 in sea water 

pH j 

Time 

Ciliary movement 

2.8 10 5 N. 

3.6 

1 min. 

Stopped 

2.52 

3.8 

1 

No stoppage 



6 

Mostly stopped 



10 

Completely stopped 

2 4 

-.4 „ j 

3.9 

5 

Active 



10 

Almost stopped 


! 

15 

Completely stopped 

2.35 

4.0 

5 

Slackened, but no stoppage 



10 

Advanced retardation 



15 

Partial and incomplete stoppage 



26 

Almost complete stoppage 



45 

Stoppage partial and indefinite, pH rose up 
to 4.6. 


»Cf. Compton, 1915. 
s) Cf Graham, 1931. 
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stopped in ten minutes. At pH 3.9, it required fifteen minutes and pH 
4.0 does not cause definite stoppage until forty five minutes of exposure. 
The critical point may be located at pH 3.7 ±0.1. 

GENERAL REMARKS AND DISCUSSION. 

The main points of the foregoing experiments are summarised in Tables 
XIII and XIV. It will be seen that the critical pH value which arrests 

Table XIII/ 


I 

Acids 

pH 

Ciliary movement at different times of exposure 

30" 60" 3' 5' 10' 15' 30' 60' 

Carbonic 

7.5 

Hf 

Hf 

Hf 

Hf 

Hf 

fH 

Hf 

44 

(ca. 20"C.) 

6.8 

Hf 

fH 

Hf 

Hf 

Hf 

Hf 

Hf 

44 


6.6 

Hf 

Hf 

Hf 

Hf 

Hf 

Hf 

Hf 

44 


6.0 

44 

+4 

44 

44 

44 

44 

+ . 

4- 


6.0 

0 

0 

0 

0 

0 

0 

0 

0 

do. 

6.4 i 

+ 

+ 

4- 

+ 

+ 

+ 



(ca. i.rc.) 

; 

6. a 

+ 

± 

0 

0 

0 

0 



6.2 j. 

+ 

+ 

0 

0 

0 

0 



: 

6.1 ! 

0 

0 

0 

0 

0 

0 




5.8 

0 

0 

0 







5.2 

0 

0 

0 






HC1 

5.0 

44 

4! 

44 

41 

44 

44 

44 


(ca. 20’C.'> i 

! 4.6 

4+ 

44 

44 

44 

44 

44 

44 



4.4 

44 

44 

44 

4+ 

44 

44 

44 



4.0 

+4 

44 

44 

44 

.44 

44 

44 


i 

I 3.6 

0 

0 

0 

0 

0 





| 3.4 ; 

j 

0 

0 

0 

0 

0 




do 

4.0 

Hf 

Hf 

Hf 

Hf 

44 

± 

±° 


(ca. IS°C.) 

:i.9 ’ 

Hf 

Hf 

Hf 

44 

± 

0 



s.s ; 

4+ 

44 

44 

± 

0 

0 




3.6 


0 

0 

0 

0 




Phosphoric 

5.6 

Hf 

Hf 

Hf 

Hf 

H4 

Hf 

Hf 


(ca 2CTC.) 

5.3 

Hf 

Hf 

Hf 

Hf 

44 

44 

44 



5.0 

44 

44 

44 

44 

44 





4.6 

44 

44 

44 

+ 

0 





4.2 

± 

4- 

+ 

0 

0 





3.4 1 

0 

0 

0 

0 

0 




Acetic 

6.6 

+ 

+ 

+ 

4- 

+ 

+ 

4- 


(ca. 80°C.) 

I 

5.3 

0 

0 

0 

0 





5.0 

0 

0 

0 

0 






*Thc main purpose of the table is to show the time of complete stoppage of 
the cilia. The relative grades of ciliary motility can be compared only within the 
same series of experiments (with the same acid at the same pH). Comparison beyond 
this scope is not always valid. 
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the cilia in one minute is higher for carbonic acid at the lower temperature 
than at the higher temperature, and the difference is not evident for 
hydrochloric acid. The data in this respect are not complete, but the 
difference between the two acids at different exposures is recognizable. 
Here we have to deal with the influence of temperature on the effect of 
hydrogen ion concentration upon the chemical processes or colloid chemical 
conditions in the cell and also the influence of temperature on the 
permeability of .the cell to the acids. 

As to the changes in the critical hydrogen ion concentration of the 
medium as a function of temperature, there has been but little work 
accomplished as far as I am aware. Some authors performed experiments 
to determine the relation between the two factors just mentioned. They 
determined, however, the critical temperature of enzyme action as a function 
of the hydrogen ion concentration of the medium 02 ’, but not the changes 
in the critical hydrogen ion concentration as a function of temperature. 
Their data, therefore, are not complete enough to give a decisive conclusion 
on the latter problem, but seem to indicate that the optimum pH is 
decreased as the temperature is lowered, 

The rise of temperature may affect both the general feature of the 
chemical action in the cell, supplying energy for ciliary movement, and also 
the particular action of hydrogen ion upon this process. If the temperature 
rise favours the former in a much greater extent than the latter, the result 
would be that higher hydrogen ion concentration, i.e. lower pH values, 
will be needed to arrest the cilia at the higher temperature. With carbon 
dioxide, the rate of penetration into the cell is rapid and the influence of 
temperature upon it may not be a preponderant factor, while with hydro¬ 
chloric acid the rise of temperature may favour the permeability of the 
cell. The temperature coefficient of permeability is greater than unity in 
general, and it sometimes reaches 3 in the temperature interval from 10 
to 20°C. n> 

It is a well known fact that carbon dioxide has a specific narcotic 
action. The effect of temperature upon the narcotic action is different 
with different kinds of narcotic. 

The effective concentration of narcotics is increased with temperature 
with ethyl alcohol, chloral hydrate and tceton, while it is decreased with 

o Compton, 1915. 

Graham, 1931. 

^Gellhorn, 1929. 
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rising temperature in the case of salicyl amid, benzamid and monacetin 0 . 

Adsorption, which is supposed to play a role in narcosis, is also affected 
by the changes in temperature in different ways. It is increased or 
decreased according to the nature of the adsorbent and adsorbcnd 2; . 

It should be such physico-chemical or colloid chemical conditions in the 
cell, as adsorption, surface tension, partition coefficient or other relations 
closely related to narcosis, that makes the critical pH value for carbon 
dioxide lower at the higher temperature. Experimental data are insufficient 
at present for further analysis of this problem. 

It should also be considered, in this connection, that the solubility of 
carbon dioxide in sea-water is increased as the temperature is lowered, 
and at the same tension of CO* the pH of the sea water is lower at the 
lower temperature than at the higher temperature. For instance, at partial 
pressuce of 0.01 atmos. of CO.., the pH value of the sea water is about 
6.6 at 10’C. while it is about 6.8 at 20°(\ a) 

In other words, the tension of carbon dioxide in sea-water at a given 
pH value is higer at a higher temperature than at a lower temperature. 

Haywood recently studied the effect of 00. tension upon the inhibiting 
ciliary movement of the gill of Mijtilus and concluded that the length of 
time that cilia continue to beat in acidified sea-water depends to some 
extent on the pH value of the solution, but to a greater extent on its 
carbon dioxide tension. The results of this author >how that the critical 
pH at which the carbonated sea-water stops the cilia at once is as 
follows: — 

At low tension of CO_, pH 3.7 

At moderate „ ,, „ 4.4 

At high „ „ „ 5.9 

The last value is well in accord with the results of our experiment, in 
which the pH of the medium was lowered by high tension of carbon 
dioxide. 

On adding acids to sea-water, the carbon dioxide tension in the latter 
will be raised, and the excess of tension in sea-water over that in the air 
will be released by the escape of CO £ , when the equilibrium between the 
sea-water and the air is established. In our experiments with acids other 
than carbonic acid, the acidified sea-water was well shaked with the air 
and was allowed to stand for a good deal of time, and the; tension of 

dHoukr, 1926, p. 586. 

Freundi ich, 1923, pp. 129, 151-6, 159, 302. 

^McClendon and Medes, 1925, p. 214. 
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CO* in the sea-water may safely be assumed to be in equilibrium with 
that of the air. 

The difference between the effect of different pH values as caused by 
carbonic or acetic acid appears rapidly, while it appears rather slowly in 
the case of inorganic acids. This is in accord with the fact that organic 
acids in general penetrate the cell rapidly and inorganic acids penetrate 
slowly. 

It has been supposed by some authors that in bivalve molluscs, such as 
Mytilus , the accumulation of carbon dioxide in the mantle cavity inhibits 
the ciliary movement and thus cuts down the oxygen consumption, when 
the animal is subjected to unfavorable conditions of respiration. And the 
inhibition of normal ciliary activity is supposed to serve for retaining the 
reserve of oxygen supply 0 . Gray also writes “ It is well known that many 
bivalve molluscs are capable of living for many hours with their valve 
tightly closed: if a specimen of Mytilus is removed from the sea-water 
and left for two or three hours, it can be shown that the concentration 
of C0 2 in the medium bathing the mantles and gills in sufficient to inhibit 
all ciliary movement. On washing the tissues in clean sea-water acitive 
movement is soon resumed. It is more than likely that the period during 
which Mytilus is normally uncovered at low tide is sufficient to produce 
enough CO* to inhibit its cilia, and thereby reduce the 0* requirements of 
the animals ” 2) . 

This supposition appears quite probable at the first glance, but it seems 
unjustifiable judged from our experimental results. It seems likely that it 
Is not the accumulation of carbon dioxide, but the lack of oxygen, that 
brings the ciliary movement to rest. It has been shown that the last 
statement is true at least in our experiment on the cilia of the Pecten gill. 

Colup 3; has shown that the rate of CO* production in Mya arenaria 
at 14°C. varied from 1.40 ccm. to 5.78 ccm. per 100 gm. drained 
clam tissue per hour, under the aerobic conditions, and that the animal 
produces CO» at the uniform rate of 1.24 ccm. on average under the 
anaerobic conditions, in oxygen-free sea-water, for over 140 hours, other 
conditions remaining the same as above. 

Moreover, Nozawa 0 has shown that the oyster carries on anaerobic 
respiration when the oxygen tension is decreased, and the respiratory 

Gray, 1928, p 108. 

Gray, ibid . p. 79-81. 

Collip, 1921. 

0 N ozawa, 1929. 
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quotient will be more and more increased. When the oxygen concentration 
in the medium is diminished down to 0.035 volume per cent, the respiratory 
quotient is over 6,0. Galltsoff and Whipple u have shown quite recently 
that changes in pH values of the medium such as can be brought about 
by the oyster under the conditions of the experiments do not alter its 
metabolic rate, and the shell of the oyster acts as an efficient buffer, 
preventing the lowering of the pH below 6.0. Low oxygen tension and 
variation in the pH values of water from 8.2 to 6.6 had no effect on the 
rate of flow of water through the gills. 

The sea-water contains about 6 cem. of oxygen per liter. When this 
amount of oxygen is completely exhausted by respiration, about the same 
volume or less of carbon dioxide, if respiratory quotient is less than unity, 
will be evolved. This amount of CO* corresponds to 6/2240 M. = ca. 0.5 
x 10' 3 N. Even hydrochloric acid of this normality in sea water depresses 
the pH of the latter only to ca. 6.9 2;3; . 

As carbonic acid is much weaker than HC1, the former in the' same 
concentration can not lower the pH of sea-water to such an extent. Accord¬ 
ing to NoZAWA 4) the pH of sea-water, which was 8.2 initially, was lowered 
to about 7.95 by the increase of CO* content by 6ccm. per liter. 
Such pH value is much higher than the critical pH for CO., obtained 
in our experiment. During the period of low tide, in which bivalves 
like Mytilus are exposed to the air, much CO* will be produced 
by respiration. It must not be the effect of C0 2 , however, that first 
comes into play to arrest the cilia, but the lack of oxygen, as we 
have shown above. The results of our experiment on the intracellular 
oxidation-reduction potential will appear in another place, as mentioned 
above, and it may be added here in passing that the gill tissue 
of Pccten can reduce methylene blue and thionin not only in the cell interior 
but also in the respiratory medium. This indicates that the gill tissue can 
utilise oxygen of extremely low tension which can not be detected by the 
ordinary analytical method. The normal reduction potential of methylene 
blue r,} is 4 0.01 volt at pH 7.0, and —0.025 at pH 8.1, at which ciliary 
movement is arrested in the normal sea-water from the lack of oxygen, 
and this corresponds to rO 48.9 or rH 16.8 at pH 8.1. The symbol rH 

^Galltsoff and Whipple, 1930. 

2 >Kokubo, 1929, p. 262. 

3) Gray, 1928, p. 80. 

4 >Nozawa, 1929. 

r, > Rapkine, StrOiyk et Wcjrmser, 1929. Cf. Michakms, p. 79. 
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refers to the negative logarithm of the partial pressure of hydrogen in 
atmos., which is in equilibrium with the reversible oxidation-reduction system 
under consideration, and the rO refers similarly to the negative logarithm 
of the partial pressure in atmos. of the oxygen in equilibrium with the 
system. The rH and rO values can be calculated from the observed data 
by the formula given in Michaelis 1 book (pp. 82-88), and are theoretical 
quantitative measures of the reductive or oxidising tendencies of the system 
in question. The lower the rH, the more reductive is the system, and the 
reverse is true for the rO 0 . 

As the number of Avogadro is 60.62 x 10 42 (Millikan, 1917), even 
a single free molecule of oxygen cannot exist at every moment in a liter 
of such medium as has iO 48.9 at pH 8.1. The cilia, therefore, must not 
reserve oxygen for the general respiration of the animal. 

The respiratory quotient of Ostrea circumpicta Pilsbky is 0.86, when 
the oxygen tension in sea-water is normal, but it is increased over 6.0 
when the oxygen tension in sea-water is lowered down to 0.035 volume 
per cent., and anaerobic respiration begins early before the amount of 
oxygen in the medium is exhausted. 50 

In our experiment it has been shown that the cilia are stopped when 
the oxygen in the closed respiratory chamber is exhausted, and the pH 
of the medium is then lowered by about 0.1 in pH unit. Either such 
slight change in pH or the increase in C0 2 tension could not depress the 
ciliary movement materially. Moreover, the ciliated cells survived 20 
hours of anaerobic condition and resumed active ciliary movement when 
transferred to normal sea-water. Gray himself also admits that the 
ciliary activity continues for about one hour in the absence of atmospheric 
oxygen. 0 

As to the anaerobic respiration, it may be added that anaerobic 
respiration is often met with among certain marine molluscs, and the 
crystalline style in the alimentary canal is supposed by some authors to 
be a factor in anaerobic respiration. 0 

Gray also writes that the prolonged lack of oxygen is rapidly detri¬ 
mental, whereas a prolonged accumulation of C0 2 is readily reversible. 
This statement is probably based upon his experiment of 1924, in which 
he subjected the cilia in an Engelmann gas chamber to an atmosphere 

OC/1 Nomura, 1931. 

2 ^Nozawa, loc. cit. 

Gray, 1924, p. 112. 

> Roger*. 1927, p. 240. 
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of hydrogen. The detrimental effect above mentioned may be ascribed to 
the effect of hydrogen, and not to the lack of oxygen. Our experiment 
also shows that ciliated cells resume acitve movement when transferred to 
normal sea-water even after 20 hours of anaerobic stoppage of cilia. 

The critical pH value (Table XIV), which suffices to arrest cilia within 
a given time, is highest for carbonic acid and the order of the efficiency 
of the acids is as follows: — 

H 2 CO* > (" HgCOO H > H n PO ,> HC1 

This order is just the reverse of the order of toxicity of anions given by 
R. S. Lillie for the gill of Mytilus 


Table XIV. 

Critical pH values for stoppage of cilia. 


Acids 


pH for stoppage in 1 min. 

j pH for stoppage in 10 min. 

h 2 co. 

(20°C) 

5.5 ±0.5 

\ 5.5 ±0.5 

.. 

(l.rc) 

6.15±0.05 

C.35±0.05 

HC1 

(20°C) 

L8 ±0.2 

3.8 ±0.2 


(13*C) 

3.7 ±0.1 

3.85±0.05 

H t PO< 

(20°C) 

3.8 ±0.4 

4.8 ±0.2 

CILCOOH 

(20*0 

5 45±0.15 

5.45 ±0.15 


It seems likely that a higher pH value suffices for carbon dioxide to 
arrest the cilia within a given time than for acetic acid, meanwhile the 
recovery of movement after carbonic stoppage at pH 5.0 requires a longer 
time than after acetic stoppage at the same pH and of the same duration 
of exposure (Tables V & X). Gray remarks that, “ it would seem that 
the length of time required for recovery in sea-water is not dependent 
upon the length of exposure to acid solution, and it would seem that 

the acid produces its maximum reversible effect almost at once, after 
which a certain amount of regulation takes place within the cell, so 
that the cell exposed to acid solution of thirty minutes recover just as 
quickly, if not more so, as cells exposed to the acid for only two 

minutes.’”* 0 

His results seem contradictory to ours at a first glance. But it may 

be reconciled if we take into account the strength of acids employed. He 

OR. S. Lillie. Cf. Hober, 1926, p. 655. 

OGkay, 1920, p. 355. 
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used the mixture of 50 ccm. sea-water-f 1.26 ccm. n/10 HC1. The pH of 
this mixture must lie between 3.8 and 4.2, according to the figures in his 
Table I. Hydrochloric acid at this pH is very strong, and the penetration 
may have been very rapid, and the difference of longer and shorter 
exposures would not appear, for the acid would have exerted its maximal 
action as soon as it entered the cell, as Gray supposes. In our experiment, 
however, the acids used are carbonic and acetic, which are supposedly less 
toxic, and moreover the hydrogen ion concentrations were not high. The 
effect of these acids would be rather mild, and may have advanced 
gradually, so that the difference in time of exposure came out in the 
result. 

Our experiments, at any rate, dearly show that the longer the exposure 
to acid sea-water of pH 5.0, the longer time it requires for recovery of 
ciliary movement on return to the normal sea-water. Gray 1 ' points out 
the individual variations in susceptibility to acid sea-water and also in 
restorative power of the gill of Mytilus. We did not study systematically 
this point, but it may be said that we did not notice such variations in 
Pecten gill that might have brought about irregularities in results of 
experiment as far as we are concerned. Mytilus belongs to the littoral 
fauna and is uncovered normally for a long period of time at the low 
tide. !J 

Organisms under such circumstances are subjected to extreme changes 
in physico-chemical conditions of their environment, S) and the changes must 
not be uniform according to the position of the individual animals in their 
habitat. This may result in the individual variations in their physiological 
state. Pecten yessoensis Jay, on the contrary, lives in the calm sea bottom, 
and is not subjected to severe changes of environment. The habitat is 
free from tidal disturbances. This may be the reason why the individual 
variations in our material is so slight as would not interfere with the result. 
Our material was supplied by the courtesy of the Fisheries Association 
of Tutiya from the culture bed of Pecten, belonging to the association 
just mentioned. The animals were of uniform size and in apparently 
satisfactory condition. 

The critical value for HC1, which stops the cilia of Mytilus instantly, 
is about 1.12 ccm. of n/10 HC1 + 50 ccm. sea-water. The pH of this 


»Grav, 1920, Table IV. 
2 > Gray, 1928, p. 79. 
*>Cf. Nomura, 1930. 
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mixture should be between 4.2 and The corresponding value in our 

result is a little lower than his. This may, however, be ascribed to the 
specific difference of the animals. 

Gray subjected the gill tissue, which had been previously stained 
with neutral red, to van’t Hoff solution acidified to pH 3.1 with 
hydrochloric acid. The tissue did not show colour change promptly. But 
in the solution acidified with organic acid it instantly changed the colour 
from dull brick red to one of brilliant red, indicating that the acid 
entered the cell immediately. We did not test the pH of the cell interior 
with each acid. It was necessary for our purpose, as was stated above, 
however, to see the hydrogen ion concentration of the cell interior just at 
the time the cilia are stopped by the lack of oxygen, or possibly by 
carbonic acid produced at the expense of oxygen in the respiratory medium. 

Phenol red does not readily stain the cell intensely in a short stay in 
the solution, but longer exposure gives the tissue sufficient tint to judge 
the intracellular pH value, which was found to be pH 7.0 No sign of 
decrease in pH value was perceivable when the cilia stopped anaerobically 
in the closed respiratory chamber. 

The colour change which Gray observed in the gill of Mytilus , would 
apparently have been caused by strong acidity of the* medium (HC1, pH 
3.4). In our experiment, the pH of the exterior medium was lowered 
only by 0.1 pH unit when the ciliary movement was anaerobically stopped. 
As the initial pH of the normal sea-water was 8.2, the outer pH is still 
much higher than the intracellular pH. The constancy of the intracellular 
pH values under modified external conditions, if not extremely modified, 
has been reported by various authors. 5 ^ 

Gray 1922 gives the following values as the critical pH for acids, 
which suffice to arrest cilia in one minute: — 


HCl 

3.4 

Oxalic 

3.1 

H,SO, 

3.1 

Formic 

4.0 

HNO. 

3.1 

Acetic 

1.8 

Citric 

3.4 

Butyric 

5.2 


These values are lower than the values in our results. If we allow 
the salt error of 0.2 in our determination of pH, the value for HC1 is 
coincident, but our value for acetic acid is still much higher than the 
value given by him. 

1 Gray, 1920, Table I. 

*>Cf. Pfkiffkr, 1927. p 453. 
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As to the intracellular pH, various values have been reported. Some 
are higher than the neutral point, some are lower. Pantin 0 studied 
recently the physiology of the marine amoeba, and found the pH of the 
endoplasm and ectoplasm of a progressing animal to be 7.6 and 7.2 
respectively, and the difference between the ecto- and endoplasm during 
the resting tended to be rather less than during the progression. Cham¬ 
bers and Pollack 2 * report that the intracellular reaction of the living sea 
urchin egg lies at pH 6.7, whereas Vles and Vellinger^ estimated the 
intracellular pH of Arhacia egg to be between 5.2 and 5.9. These values 
of the marine eggs are rather low, and it is supposed that the low pH 
values are due to the accumulation of carbon dioxide produced by active 
developmental processes. 

It has been shown by Faurk-Fremief 0 that the egg cell of Sabellaria 
undergoes changes in intracellular pH values during its development. 
When the egg is layed, its interior pH is ^7; after 25 minutes when the 
germinal vesicle dissolves, pH = 10; after 40-50 minutes when the egg 
cell is in metaphase of division, pH ^12.0. 

In the eggs in general, metabolism is very active and the carbon 
dioxide may be accumulated in the cell and also around the cell, as the 
rate of diffusion is relatively very slow in comparison with the rate of 
COo production. The eggs are immotile, and CO* may accumulate around 
them to a considerable amount. In the case of ciliated cells, however, the 
sea-water bathing the cells is continually streaming as far as the cilia are 
beating, and C0 2 is carried away as soon as it is excreted. As the direct 
surroundings of the ciliated cells thus have relatively low tension of C0 2 , 
the cell interior, which is in equilibrium with its surroundings, should also 
have a relatively low tension of CO* in comparison with the egg cell, 
although the former are doing much mechanical work and may have a 
high rate of CO* production. The rate of diffusion of CO* from the 
ciliated cells, however, may be much more rapid than from the egg cells. 
Pantin’s results above cited also show that the activity is not necessarily 
accompanied by high acidity, or low pH. It is probable, therefore, that 
the ciliated cells have a higher pH value than the egg cells as estimated 
by Chambers and others. 

Younge reports that the hydrion concentration necessary to bring the 

Pantin, 1924. 

-^Chambers and Pollack, 1927. 
n) VLE» et Vellinger, 1928, 

V Paure-Fremfet, 1924; 1926. 
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cilia of Mya to rest depends on the concentration of the hydrogen ion 
with which they are normally in equilibrium. 1 ’ 

It has been known that amoebae from cultures of different l>H values 
show differnt critical pH values for the velocity of movement 2 . Gray, as 
cited above, points out individual variations in susceptibility to pH changes 
in Mytilus. 

Although it is desirable to compare more precisely and more exten¬ 
sively the results of pH work in this line by various authors with our 
data, it is difficult or almost impossible at present, as the different methods 
of pH determination employed by them comprise various inherent sources 
of error and difficulties in technique, which make direct comparison persist- 
ingly adhering to small differences in fractions of pH unit insignificant. 
Our determinations and comparisons described here, therefore, will suffice 
for the present purpose. 

Gray 192 X determined the respiratory quotient of the ciliated cells of 
Mytilus gill, and found it to be 0.83-0.85. Basing upon the experimental 
results he maintained that the energy source of ciliary movement is probably 
of protein nature. In his later writings, however, he remarks that the 
recent investigation of E. Boyland on the gill of Pecten suggests that 
the ciliary activity may involve the conversion of glycogen into lactic acid n; . 

In this connection, it may be mentioned that glycolysis in blood is not 
proved below pH 6.3 and is much weakened even at pH 6.7 6.5 4; . 

The critical pH for carbonic acid, which arrests the cilia of Pecten gill 
lies in the neighbourhood of this value. For the other acids, the critical 
values are lower than for carbonic acid, but it should be noted that the 
penetration of those acids is much slower. The dissociation constants of 
those acids are higher than that of carbonic acid, and their concentrations 
must be relatively low at the critical pH. Moreover, it has been shown 
by Osteriiout that it is the undissociated molecules, but not ions, that 
penetrates the cell membrane*’. 

It is conceivable, therefore, that stronger acids are much less efficient 
than weaker ones at the same pH. The mechanism by which carbonic 
acid affects the ciliary movement is not clear at present. It may be added 
at this point that Arbacia egg shows liquefaction at pH 5.1 and coagulation 

OYounge, 1925. Also cited by Gray, 1928 

Hopkins, 1926. 

Gray, 1928, p 108. 

0 Kona und Wilenko, 1914. 

• r V OSTKRHOUT, 1926. Also C/I OsTKRHOUT, l92o. 
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at pH 4.9 in the sea-water acidified by passing carbon dioxide 1 '. 

These pH values correspond to carbon dioxide tension of approximately 
400 and 700 mm. Hg. respectively according to Henderson and Cohen 2> . 
At such a high tension of CO*, not only the colloidal state of the proto¬ 
plasm would be affected, but also chemical actions evolving carbon dioxide 
would undoubtedly be depressed or completely inhibited. 

Much should be done to elucidate the chemical aspects of the physiology 
of the ciliary movement, and the author will pursue in this line, and other 
papers will follow the present one. 

SUMMARY AND CONCLUSION. 

1. Excised gill tissue of Pecten yessoensis Jay survives and the ciliary 
movement continues in the closed respiratory chamber with sea-water for 
a long period of time as far as oxygen in the medium is available. 

2. The stoppage of the cilia in the closed chamber is due to the lack 
of oxygen and not to the effect of CO- excreted. 

3. The gill tissue, after anaerobic stoppage of the cilia, can survive 
a long period of anaerobiosis over a night, and recovers motility on 
admitting air to the medium. 

4. The amount of carbon dioxide evolved by the gill tissue at the 
expense of oxygen in the medium in the closed respiratory chamber is 
not sufficient to bring the cilia to rest. 

5. The supposed regulative effect of carbon dioxide accumulated in 
the mantle cavity of bivalve molluscs upon the respiratory rate by 
depressing the ciliary activity seems to be untenable. 

6. The critical pH values which bring the cilia to stoppage in given 
time of exposure were determined and compared for carbonic, hydrochloric, 
phosphoric and acetic acids (Table XIV). 

7. The critical pH values are higher for the weaker acids than for 
the stronger ones. 


LITERATURE CITED. 

1. Chambers, R. and l( Pollack. Mirrurgical studies in cel! physiology’ VI Colorimetric 

determination of the nuclear and cytoplasmic pH in the starii»>h egg. Joum. 
gen. physiol, x, 739 755, 1927. 

2. Clark, W. M. Determination of hydrogen ions 3rd ed. Baltimore, 1928. 

“Howard, 1931. 

2 'Hkndf.rson and Cohen, 191H. 



PHYSIOLOGY OF CIUARY MOVEMENT 


41 


3. Colup, A. A further study of the respiratory processes in Mpa armaria and other 

marine mollusra. Joum. Biol. Chem. xlix, 297 310, 1921. 

4. Compton, A. The influence of the hydrogen ion concentration upon the optimum 

temperature of a ferment. Proc Roy. Soc. London (B), lxxxviii, 408, 1915. 

5. Faukk-Fremiet, E. L’oeuf do Sabellaria alveolata. Arch, d’anat. micr. xx, 211, 1924. 

6. - La cinetique du developpement. Presses universitaires de France. Paris, 1925. 

7. Fkkundlich, H. Kapillarchemic. Leipzig, 1923. 

8. Galltsoff, P. S and I). V. Whipple. Oxygen consumption of normal and green 

oysters. Bull. Bureau of Fisheries, U. S. A. xlvi, 489-508, 1930. 

9. Gkllhorn, E, Penneabilitfitsprohlem. Berlin, 1929. 

10. Graham, A On the optimum hydrogen ion concentration and temperature of the style 

of Peetcn maximum. Proc Roy. Soc. London, (B), cviii, 84-91, 1931. 

11. Gray, J. The mechanism of ciliary movement. Proc. Roy. Soc. London, (B) xciii, 104- 

121, 1922. 

12. -The mechanism of ciliary movement. IV. The relation of ciliary activity to 

oxygen consumption, ibid xevi, 95 114, 1921, 

13. - Ciliary movement. Cambridge Univ. Press, 1928. 

11, Harvey, H. W. Biological chemistry and physics of sea water. Cambridge Univ. 
Press, 1928. 

15. Haywooii, C. The relative importance of pH and caibon dioxide tension in determining 

the cessation of ciliarv movement in acidified sea water. Journ Gen. Physiol, 
vii, 693-097, 1925. 

16. Henderson and Cohen. Nat. Acad. Sci. Proc. ii, 618, 1916, cited by Howard. 

17. Hohkr, R Physikalische Chemie der Zellc und der Gewebe. 6 Aufl. l<cip/ig, 1926. 

18. Hopkins Proc. Nat Acad. Sci. IJ. S. A. xii, 311, 1926. cited by Pfeiffer. 

19. Howard, E. The effect of fatty acid buffer system on the apparent viscosity of the 

Arbaria egg, with special reference to the question of <ell permeabilitv to ions. 
Biol. Bull, lx, 132 151, 1931 

20. KokL’HO, S. Studies on the pH and the CCL-content of the blood, pericardial fluid, 

and the body fluid of the oyster with special reference to their response to the 
altered condition of sea water Sci. Rep Tohoku Imp. Univ. (Biol ) iv, 207 258, 
1929. 

21. - Salt error of phenol red p. c. 

22. Kopaczkwski, YV. Les ions d’hydrogene. Paris, 1926. 

23. Lillie, R. S Amer Journ Physiol, xvii, 89 1906, xxiv, 159, 1909, x, 419, 1901. cited 

by Horer, p. 655. 

21. McClendon, J F. and G. Mkdks. Physical chemistry in biology and medicine. Philadel¬ 
phia, 1925. 

25. Michaelis, L. Oxydations-Reduktions-Potentiale. Berlin, 1929. 

26. Nomura, S. Note on the physico-chc nical conditions of the habitat of Nereis japonica 

Izuka. Sci Rep. T6hoku Imper. Univ. ser. iv. (Biol.). V, 549-553, 1930. 

27. -(Bio-physico-chemistry), Kyoritu Sya, Tokyo. 1931. 

28. -Studies on the physiology of ciliary movement. II. Intracellular oxidutionreduction 

potential and hydrogen ion concentration limiting the ciliary movement of the 
gill of Pecten . In preparation, will appear probably in Protoplasma, 1932. 

29. Nozawa, A. The normal and abnormal respiration in the oyster, Ostrea circumpicta 

P 11 .S Sci. Rep. T6hoku Imper. Univ., ser iv (Biol.), iv, 315 326, 1929. 

30. OsTKRHOUT, W. J. V. Is living protoplasm pv.-rnir«ible to ions? Journ. Gen. Physiol., viii, 



42 


S. NOMURA 


131, 1925. 

31. Ostfrhout, W. J. V., and M. J. Dorc as. The penetration of CO.> into living proto¬ 

plasm. Joum. Gen. Physiol, ix, 255-267. 1926. 

32. Pantin, C. F. A. On the physiology of amoeboid movement. I. Journ. Marine Biol. 

Assoc., xiii, 24-69, 1921. 

33. Ppkippkr, H. Der gegenwtirtige Stand der kolorimetrischen Azidimetrie in der Gewebe- 

physiologie. Protoplasma, i, 434--161, 1927. 

34. PtiTTKR, A. Die Flimmerbcwegung. Ergeb. Physiol, ii, 11. Abt. 1-99, 1903. 

35. Rapkink, L., Struyk, A. P., et R. Wurmskr. Potentiel d’oxydo-reduction de (juelques 

colorants vitaux. Compt. rend. soc. biol., tome c, 1020-1022, 1929. 

36. Rookrs, C. G. Text-book of comparative physiology. New York, 1927. 

37. Rova, P. und Wii.knko. lleitr&ge zur Frage der Glykolyse. Bioch. ZeiUchr., Ixii, 1- 

10, 1914. 

38. Vi.ks, F., et E. V fu.INC.ER. Recheiches sur le pigment de Toeuf d'Arbacia envisage 

comme indicateur de pH intracellulaire. Bull, dc 1’Inst. C'cennogr. No. 513, 1928. 

39. You.no, C. M. The hydrogen ion concentration in the gut of eeitain Lamellihranchs 

and Gastropods. Journ. Mar. Biol. Assoc., N. S., xiii, 938, 1925. 



Befruchtung und Kernteilung bei Coccophora 
Langsdorfii (Turn.) Grev.O 

Von 

Kocoho Tomita. 

Biologisches Institut der Kaiserlichcn T6hoku Unixeisilat, ^Yndai, Japan. 

(Mit Tafoln III -IV und 1 Textfigur) 

(Eingegangrn am t. Dez. 19)51) 

Uber die Oogenese und vorhcrgehonde Fntwicklung von Coccophora 
Langsdorfii , einer im Japanischcn Meer einheimischen Art der Fucaceen, 
veroffentlichte schon Herr Prof. Dr. M. Tahara ('28) einige Mitteilungen. 
Nach ihm trotcn in einem Oogonium dieser Pflanze drei einander folgcnde 
Kernteilungen auf und erzeugen acht Kerne, von denen einer in der 
Mitte des Oogoniums liegt und definitiv zum Kikern vvird, vvahrend die 
anderen sieben beiseite geschoben werden und bald zugrunde gehen. In 
diesem Punkte weicht Coccophora von Sargassum (Tahara u. Sihmotomai, 
'25) und Cystophyllurn (Shimotomal '28) entschieden ab und ist ein 
giinstigeres Material zur Krforsehung der Befruchtung als diese zwei. 

In diesem Kriihling veranlasste mich Herr Prof. Dr. Tahara, die 
Befruchtungsvorgiinge dieser Pflanze gcnauer zu untersuchen. Deshalb 
begab ich mich am 29. Marz nach der biologisehen Station der hiesigen 
Universitat in Asamushi. 

Um entleerte Eier tragende Zweige zu gewinnen, besuchte ich fast 
jeden Tag Tutiya, wo diese Pllanzen am iippigsten in dieser Gegend 
wuchern. Nach mehr als zweiwoehiger erfolgloser Miihe gelang es mir 
erst am 16. April einige der gewiinschten Pflanzen zu finden, gleichzeitig 
auch einige voll ausgereifte mannliche Pflanzen, die ich alle ins Laboratorium 
mitbrachte. Aber es stellte sich bald heraus, dass zum genaueren Studium 
der Befruchtungsvorgange auch bei dieser Pflanze kiinstliche Besamung 
ganz notwendig ist. So versuchte ich durch folgende Mcthode die beiden 
geschlechtlichen Zellen im Laboratorium austreten zu lassen. Zuerst tat 
ich einige gereifte weibliche Zweige in ein filtriertes, von Spermatozoiden 
freies Seewasscr enthaltendes Gefass hinein. Anderseits lcgte ich einige 
mannliche Pflanzen in eine Schussel, die mit feuchtem Filtrierpapier 
bedeckt wurde, um die Pflanze nicht zu trocken werden zu lassen. Wenn 

O Contributions from ihe Marino Biological St«*ti<m, Asamushi, Aomori-Ken. No. 78. 
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es gliickte, treten die Eier und die Spermatozoiden am nachsten Tage aus 
den Konzeptakeln aus. Die Eier sitzen sich an der Oberflache des 
Rezeptakels mit Schleim fest. Die ausgetretenen Spermatozoiden bilden 
auch ein kleines Kliimpchen an der Oberflache des Rezeptakels, aber wenn 
man dieses in Wasser taucht, losen sich die Spermatozoiden sofort los. 
Also gleich nach dem Hineinstecken solcher mannlicher Zweige in das 
Gefass, das eine weibliche, viele ausgetretene Eier auf sich tragende 
Pflanze enthalt, bemerkt man leicht unter dem Mikroskop zahlreiche, um 
die Eier aktiv schwimmende Spermatozoiden. 

Die Fixierung solcher weiblicher Rezeptakeln erfolgte in verschiedenen 
Zeitraumen nach der Besamung. Als Fixierungsmittel brauchte ich die 
folgende Losung. 

Vorratslosung von Chromsaure (Seewasser 98 cc, 


gcsattigte Losung von Chromsaure 2 cc). 50 cc, 

Seewasser .50 cc, 

2?4ige Osmiumsaure. 5cc, 

Eisessigsaure. 2.5 cc. 


Die Fixierung dauerte meistens 3 Stunden. Die Mikrotomschnitte waren 
9-10 H dick. Zur Fiirbung wurde Hkidenhains Eisenalaun-Hamatoxylin 
benutzt. 

Die ausgetretenen Eier sind meistens rundlich odor ellipsoidisch und 
enthalten zahlreiche Chromatophoren um den zentralen rundlichen Kern. 
Eine Stunde nach dem Hinzufiigen der Spermatozoiden beginnt der 
Spermakern in das Ei einzutreten (Fig. 1). Dann nach einer halben bis 
zu einer Stunde kommt der Spermakern allmahlich in die Nahe des 
Eikerns (Fig. 2, 3). Strasburger (1897) beschreibt die Befruchtungsvor- 
gange von Fucus vesiculostis etwas genauer. Nach ihtn wird der Spermakern 
dieser Alge im Zytoplasma des Eis in den Praparaten ganz dunkel gefarbt 
urul scheint in der Struktur fast homogen zu sein. Dies ist auch der Fall 
bei Hesperophycus Harveyanus (Walker, '31). Bei Coccophora ist aber 
die innere Struktur des Spermakerns etwas deutlich, d. h. ein Kernkorperchen 
und Chromatingeriist lassen sich fast immer klar wahrnehmen. Der 
Spermakern ist grosser als die Chromatophoren, und sie zu unterscheiden 
ist gewohnlich nicht sehwicrig. Der Eikern ist chromatinarm und wird in 
den Praparaten nur schwach gefarbt. Drei Stunden nach der Besamung 
kommt der Spermakern in Kontakt mit dem Eikern und verschmilzt bald 
mit ihm. Er flacht sich dabei zu einem linsenformigen Kcirper ab (Fig. 4, 
5, 6). Aber in einer halben bis einer Stunde wird er ganzlich desorgani- 
siert (Fig. 7, 8, 9, 10, 11). In diesem Zustand bemerkt man meistens 
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zwei Kemkorperchen, von denen wahrscheinlich das eine vom Spermakem 
und das andere vom Fikern herstammt. Strasburger (1897) bemerkt 
beim ahnlichen Fall von Fucus, dass das Kemkorperchen des Spermakerns 
an Grosse, Scharfe des Umrisses und Intensitat der Farhung dem 
Kemkorperchen des Eikerns nachzustehen pflegt. Solche Unterschiede 
konnte ich aber hei Coccophora nicht erkennen. Diese zwei Kemkorperchen 
nehmen danach an Grosse ab, der Eikern aber zu (Fig. 12, 13, 14). 

Mit dem Fortschreiten der Stadien gestalten sich die Chromosomen 
allmahlich aus dem Kerngeriist. Sie sind zuerst im Kernraum unregclmassig 
zerstreut (Fig. 13, 14). Leider konnte ich die Spindelbildung nicht 
verfolgen. Zentrosomen, die bei anderen Gattungen der Fucaeeen, d. h. 
Fucus (Yamanouchi, '09), Sargassum (Tahara u. Shimotomai, '25, Okabe, 
'29, '30) und Cystophyllum (Shimotomai, '28) entdeckt wurden, konnten 
bei Coccophora nicht beobachtet werden, worauf schon Tahara bei der 
Untersuchung der Reduktionsteilung dieser Pflanze aufmerksam gemacht 
hat. 

Das 18 bis 22 Stunden nach der Vermischung der beiden Gcschlechts- 
produkte fixierte Material zeigte verschiedene Figuren der Metaphase 
(Fig. 15, 16, 17). In Fig. 15 
ist die Spindel eines Keimkerns 
in Seitenansieht gezeichnet. Bei 
vollstandiger Metaphase lost 
sich die Kernmembran ganzlich 
auf, und die kleinen, stabchen- 
formigen Chromosomen ver- 
teilen sich regelmassig auf einer 
Aquatorialplatte. Es gelang 
mir manchmal, die Polansicht 
solcher Kernplatte zu sehen, 
wo ich mit Sicherheit 61 
Chromosomen zahlte (Fig. 17). 

Dies ist die diploide Chromo- 
somenzahl dieser Pflanze, da 
bei der Reduktionsteilung dieser 
Pflanze Tahara ('28) 32gezahlt 
hat. Bei der Anaphase riicken 
die beiden Langshalften der 
Chromosomen regelmassig in die 
(Fig. 18). Und am Ende der Telophase kommen gewohnlich zwei Kern- 



a b 

Textfig. 1. a. Frlihere Telophase. 

b. Sp&tere Telophase. Jo /.wei 
Nukleolen in jedem Kern. 
Vcrgrdsserung. 1100. 

entgegengesetzte Richtung auseinander 
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korperchen zum Vorschein (Textfig. I, a, b), wie beim Fall von Sargassum 
Homeri (Okabe, '30). 

Die vorliegende Arbeit wurde auf Anregung von Herrn Prof. Dr. 
Tahaka unternommen, dem Verfasser fiir seine vielseitigen Ratsehliige zu 
grossem Dank verpflichtet ist. 
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TAFKL III. 

Fig. 1. Der Spcrmakern in Kontakt mit dem Ei. 1 Stunde nach dor Besamung. 
Fig. 2, 3. Der Spcrmakern auf halbcm Weg zum Eikern t bis 2 Stunden nach 
der Besamung. 

Fig. 4. Die Verschmelzung des Spermakerns mit dem Eikern 3 Stunden nacb der 
Besamung. 

Fig. 5, 6. Der in den Eikern eindringende Spcrmakern. 

Fig. 7, 8, 9. Die Desorganisation des Spermakerns im Eikern 
Fig. 5-9. 3 bis I Stunden nach der Besamung 

TAFEL VI. 

Fig. 10, II. Der Ruhekern nach der Befruchtung. 

Fig. 12. Die frilhere Prophase der ersten Teilung des Keimkerns. 

Fig. 13, 14. Die spHtere Prophase. 

Fig. 15. Die frilhere Metaphase. 

Fig. 16 Die Seitenansicht der Spindcl. 

Fig. 17. Dieselbe in Polansicht, \vi»l>ci 61 Chromosoinen deutlich zu sehen sind. 

Fig. 15-17. 18 bis 22 Stunden nach der Besamung. 

Fig. 18. Anaphase. 
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Hemocytopoietic Effect of Splenectomy in the Newt, 
Diemyctylus pyrrhogaster. 

Hy 

Tosmo Ohuye. 

(liiologicul laboratory, Matuyama High school, Khime, Japan). 

(With Pis. V-VI, and 4 text-figs.). 

(Iln eim! Dec. 9th, 1931). 

In the present paper the hemocytopoietic effect of the splenectomy upon 
the Japanese newt, Diemyctylus pyrrhogaster, is reported. As is seen in 
my foregoing paper, the extirpat ion of spleen caused severe anemia; then 
recovery took place and the anemia completely returned to normal within 
14 to 16 days. There must have occurred, therefore, the compensatory 
hemopoiesis in some part of the body. Where would this have occurred ? 
On this interesting problem, the contributions working with the mammals 
are found very abundant. Of the observation made on the lower ver¬ 
tebrate, however, so far as 1 am aware, 1 can refer to a few reports 
only, as those of Daibf.r, Jordan and Speidel, and WlTUSCHINSKI. From 
the standpoint of blood formation, the splenectomy on the amphibia is 
especially interesting. For the spleen is the sole erythrocytopoietic centre 
in the mature animals of this group, which have no red bone marrow. I 
took note on the changes which occurred in several organs and general 
circulation, following the extirpation of spleen. 1 have set out below the 
observation. 

EXPERIMENTAL METHODS. 

The experiments were performed upon full grown animals collected 
chiefly during the early summer months at Matuyama. About 160 animals 
were splenectomized after about twenty days of collecting, and each of 
the 20 animals was kept in an aquarium. Small earthworms and boiled 
flesh of fishes were given to the newts every two or three days throughout 
the experiments. The 80 control animals were fed and kept in the same 
condition as that of the experimental animals, so far as it was possible. 

The splenectomized newts were killed with the controls at an interval 
of about one week, extending from one to forty weeks. 

Eosin-haematoxylin or eosin-azure stain was used for tissues after fixation 
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in Helly’s fluid. For blood smears and organ smears, May Giemsa’s stain 
was exclusively applied. 


OBSERVATIONS. 

1. Spleen. 

Recently Nakajima ('28) published a paper treating the comparative 
histology of the amphibian spleens with special reference to their seasonal 
variation. According to his description, the spleens of Urodels and Anuras 
show remarkable seasonal changes of their contents. My observation was 
made throughly on the specimens killed in early summer. 

The normal spleen was red and vascular with great variation in size. 
The following facts were found by the result of the microscopic examina¬ 
tions of 20 normal spleens. 

The capsule consists of rough and thick fibres of connective tissues. 
The fine and waved elastic fibres are also found in this portion. Trabecula 
is not remarkable. The reticular cell is of a polygonal shape and has 
an eccentric nucleus. 

The percentage of the free cell content of 20 specimens is seen in 
Table I. 


Table I. 

Free cells in the spleen. 


Free cells 

Erythrocytes 

Lymphoid 

cells 

Eosinophils 

Basophils 

Neutrophil. 

Pigment 

cells 

Percentage 

20.<l?£ 

7:1.0% 


0.5?* 

0.<S% 

5.9?* 


2. Spleen regeneration. 

In more than 150 splenectomized animals killed within 40 weeks, there 
were only two cases of spleen regeneration. The regenerated spleens were 
situated under the serosa of the stomach walls in two or three small 
masses. Histologically, these masses were composed chiefly of the red 
blood cells, lymphocytes and mesenchymal elements. The removal of the 
spleen was made so carefully that macroscopically there was not discernible, 
on the cut ends of the splenic vessels, any the least remaining that might 
grow up into a new spleen. 1 suppose rather, therefore, the element 
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capable to reproduce spleens must, at least in some cases, be present after 
the splenectomy. 

In literature, Jordan and his coworker ('25) reported three in total 
and two doubtful new spleen formations in more than 90 splenectomized 
frogs. The experiment of the same authors on the American salamander, 
Triturus viridescens , was negative in all specimens. Daiber ('07) and 
Wituschinski ('28) showed that the Axolotl (the larval form of Amblystoma 
iigrinum) deprived of the spleen by operation readily regenerated a new 
one. The difference of spleen regeneration in the Axolotl and the American 
salamander, according to the explanation of Jordan, may be explained 
from the ground of relative age. In the former the mesenteric components 
still possessed the capacity for spleen formation, while in the latter the 
developmental period was too far advanced. In my experiment, the spleen 
regeneration took place in full grown animals. This fact seems to make 
it probable that some animals of present investigation may have been at 
the primitive stage of the blood formation as compared with the American 
salamander. 

That the accessory spleen may be found upon rare occasions in the 
amphibia is generally accepted. I examined 80 animals especially for this 
purpose. There was, however, no trace of the accessory spleen. 

3. Liver, granulocytopoietic shell. 

As is seen in the report of Jordan, granulocytopoiesis and lymphocyto- 
poiesis in the salamander are normally restricted almost completely to the 
subcapsular region of the liver, erythrocytopoiesis and thrombocytopoiesis 
to the spleen. Thus the hemopoietic functions are here distinctly divided 
between two main loci 

Beneath the capsule of the liver, there occurs a granulocytopoietic shell 
varying in thickness from one to eight layers of cells. Here, the reticular 
cells and hemoblasts are progressively transformed into various granulocytes. 
In the present experiment, changes in this portion following the splenectomy 
are coincident with those of Jordan’s experiment. 

It is noticeable that the pigment-leucocytes formation in the liver capsule 
was observed in some operated animals of the present investigation. In 
some extreme cases, the liver capsule was filled almost with pigment- 
leucocytes. As later seen, the splenectomy frequently causes the increase 
of pigment-leucocytes in the general circulation. The liver capsule, there¬ 
fore, may be an essential locus of the pigment cell formation. The 
precursor of the pigment leucocyte seems t» be the reticular cells, but the 
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pigment accumulation in the usual granulocyte mother-cells was seen in 
some cases. 


L Liver, sinusoid regions. 

In some cases, there appeared increased stellate cells which were much 
enlarged and proliferated from the wall of blood vessels. These proliferated 
stellate cells (histiocytes) flock together into a cell mass, making islands in 
the sinusoid cavity. These changes were observed within 2 weeks after 
the operation (PL V, Fig. 2). While the stellate cells are normally negative 
or very slight in the iron reaction with the Berlin blue, those of operated 
animals were almost always positive in the reaction. This reaction may be 
due to the ingestion of the blood pigment, chiefly the debris of senile ery¬ 
throcytes. The stellate cells, therefore, are also a source of brown pigment 
cells of liver and general circulation. 

The number of liver pigment cells is much variable with the seasonal 
and nutritive condition. But generally speaking, there seems to be evident, 
more pigment cells in the operated animals than in the controls, while 
both were kept under the same condition and feeding. The number of 
pigment cells in an unit area (ca. 180 mm ) of the livers of ten operated 
and ten control animals are as follows. 


Table II. 

Nos. of pigment cells in about 180 mm 2 of liver. Every figure 
is an average of 10 counts. 


Normal 

42 26 ai 

26 

21 

20 

18 

18 

14 

12 

Average 

23.9 

Splencctomized 

72 56 52 

46 

42 

22 

21 

26 

11) 

18 

_J 

29.5 


In the case of severe anemia, the dilatation of liver capillaries was 
usually observed and intravascular differentiation of hemoblasts was 
distinctly seen in these portions (PI. V, Fig. 3). 

5. Hepatectomy with the coincidental splenectomy. 

As is mentioned above, the spleen and liver are the chief loci of the 
hemopoiesis in the salamander and frog. The total splenectomy with 
coincidental total hepatectomy, therefore, means practically the loss of all 
hemopoietic organs. These animals died within about five days. The 
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partial hepatectomy with the coincidental total splenectomy produces no 
noticeable changes in the appearance of animals. These operated animals 
lived until they were killed during 1 -8 weeks for the study of the remain¬ 
ing liver tissues. 

Recently Jordan and Beams made the simple hepatectomy in the 
salamander. According to their description, the partial hepatectomy showed 
no microscopic evidence of regeneration. The remaining lobe, however, 
was somewhat enlarged by the 27th day, and had apparently satisfactorily 
effected the histologic and physiologic regeneration. The granulocytopoietic 
capsule was thickened and very active mitosis occurred in this portion. 
Since the hepatectomy was made in parallel with splenectomy, some dif¬ 
ferences must be seen in the present case as compared with the results 
of Jordan’s investigation. This expected difference was the stimulation of 
stellate cells in the remaining lobes. As 1 said already, the stellate (‘ells 
of the liver show the active proliferation and pigment ingestion in the 
splenectomized animals. In the present case, the stellate cells react also 
in the same manner, but more intensively than in the case of simple 
splenectomy. 

The partial hepatectomy causes, of course, the high hyperaemia of the 
remaining lobe. In such a liver, the parenchyma usually becomes loosened 
into irregular cords of cells separated by wide sinusoids. In the severest 
cases, the parenchymal cells are so completely separated and disorderly 
scattered that the evidence of the cell cords (‘an not be discerned. The 
liver cells, however, still appear healthy, though stained less deeply with 
eosin than the normal. The cells of granulocytopoietic capsule* also dis¬ 
sociate irregularly, and occasionally completely disappear. 

6. Heart. 

Wituschinski, working with Axolotl, found that erythfocytopoiesis in 
splenectomized animals is taken over by the cells of the reticulo-endothelial 
system of the liver and heart; in the heart the reticulo-endothelia associated 
with the sponge-like structure of the muscular pillars were especially 
stimulated. Jordan and Speidel also reported the affirmative result on 
this interesting problem, working with adult salamander. The results of 
present investigation were also corroborative to the foregoing findings. 

A reticulo-endothelial cell first hypertrophied, and rounded; then pro¬ 
liferated and migrated into the lumen of the heart (Fig. 1 & 2). The 
intensive mitosis was usually seen everywhere on the endocardinal wall. 
Separation from the cardinal wall followed with the formation of typical 
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hemoblast. The hemoblasts in the various stages of the differention were 
seen plentiful in the lumen of the heart (PI. V, Fig, 4). The prolifreation 



Pig. 1. Hypertrophy and Fig. g Hemopoiesis of cardiac endothelium, 

separation of a cardiac endo¬ 
thelium. 


of hypertrophied retieulo-endothelium began within two weeks after the 
operation. 

7. Kidney. 

According to Jordan and Spkidel, the erythrocytopoiesis and granulo- 
cytopoiesis took place in the kidney of splenectomized frog, and it occurred 
apparently extravascularly. In the studies on the salamander by the same 
authors, the kidney showed no conspicuous deviation from the normal. 
They found, however, the evidence of marked proliferation of hemoblast 

in a few cases and erythrocyto¬ 
poiesis in one case. 

In the present investigation, 
there was no evidence of erythro¬ 
cytopoiesis in the kidney of any 
specimens. The marked prolifera¬ 
tion of hemoblast, however, was 
seen in many cases. It set out 
from about 28 days after splen¬ 
ectomy, and continued thenceforth 
continuously. 

Of special interest is the positive 
iron reaction of tubuli and intra¬ 
tubular contents. Nishikawa and 
Takagi ('19) found this reaction in the splenectomized rabbit. In the 
case of pernicious anemia, this reaction is also positive. The tubuli and 
their contents are stained in blue here and there. This reaction, having 



Fig. 3. Intertubular hemopoietic field 
of kidney, h, hemablast; m, mitosis. 
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appeared within one week after the operation and continued for about 
another 60 days. Such abnormal excretion of iron must he due to the 
absence of the spleen. As Botazzi pointed out, the spleen serves, on the 
one hand, as an essential hemopoietic organ, and as hemoralatonistic organ 
on the other. This function, after the splenectomy, is taken over by the 
liver so d^satisfactorily that a certain part of iron due to the disintegration 
of blood pigment may be excreted through the kidney. The liver, however, 
adapts itself to reserve the iron in the course of time, by means of the 
increase of iron ingesting capacity of stellated cells. The iron reaction of 
kidney, therefore, disappears or becomes less intensive in about 10 weeks 
after operation, contrasting with the increased reaction of liver. 

8. Bone marrow. 

According to the papers of Jordan and his coworker, the extirpation 
of spleen caused erythro- and lymphocytopoiesis in the long bone of frog. 
The result on the salamander by the same authors was rather negligible 
from the stand{K>int of the blood formation. The findings in the present 
investigation on this point were also insignificant. 

The observation was made exclusively upon the marrow of humerus 
and femur. The bone marrow of the normal mwt is usually yellow and 
crowded with adipose cells, and is deficient in the vascularization. The 
long bones of the operated animal show a more reddish appearance in 
color than the normal. Microscopically the intensive vascularization is seen 
in the first place. These capillaries are filled with the erythrocytes. A 
few hemoblasts are also seen extravascularly (PI. VI, Fig. 6). There is, 
however, no indication of erythrocytopoiesis in any specimen. 

9. Fat bodies. 

In general, the changes in the fat bodies were very similar to those of 
the bone marrow. The increase of lymphocytopoiesis were seen in this 
tissue of the operated animals. 

10. Gonads. 

From the standpoint of the blood formation the testes are negligible 
in Urodels. No difference in these regions was noted between the operated 
animals and the controls. 

In the epithelia of ovaries, small masses of pigment cells are normally 
seen* In dome of the operated animals there appeared to be increased 
deposition of these cells in the epithelia. The plasma cells were also found 
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in this portion mixed with pigment cells. The plasma cell will be later 
described in detail. 

11. General circulation, blood smears. 

Blood smears were prepared from every animal used for the observation 
above mentioned. 

As to the morphology of the normal blood corpuscles of the Japanese 
newt, Usui ('22) has reported in detail. 

In the present investigation, the differential count of leucocytes from 
the 40 normal animals was as follows; 


Table III. 

Differential leucocytes-count of normal newt. 


Large 

lympho¬ 

cyte 

Small 

lympho¬ 

cyte 

| Mono & | 

| transitional 1 
lymphocyte j 

Eosino¬ 

phil 

j Neutro- | 
! phil 

Mast cell 

Pigment 

leucocyte 

Plasma 

cell 

Throm¬ 

bocyte 

7.8% i 

11.7 

0.3 ' 

1 

! 

2.4 

i 

' 21.7 

i 1 

_ 

i 

15.8 

0.0 

0.5 

23.9 


The differential counts of leucocytes show great variation .after splen¬ 
ectomy. I pick up here a few cases of significant variations. 


Table IV. 

Differential count of leucocyte after splenectomy. 


Leucocytes 

; g 

— IT* 

«. a 
f. 

5 

1 


0/ 

c 

a» 

0; 

& 

CO 

Animals 

Large 

lymphoc 

Smal 

lymphoc 

£ C <0 g 

2 F c 2 
c fc. o -5 
o .= ©. 

!«'i 

§■ 

.5 

‘35 

(2 

1 

2 

o 

ts 

(0 

S 

II 

cC J ! 

(0 

E 

cn 

cfl 

CL 

J 

6 

s 

-c 

H 

90 days after j 
splenectomy, j 

5.0 

8.8 

4.0 

1 0 

15.0 

9.0 

30 5 

; 0 

26.7 

190 clays, 

5.6 

9.1 

3.5 

1.0 

61.1 

9.1 

0 

0 

20 7 

210 days, j 

6.2 

8.2 

0.3 

2.3 

17.1 

15.0 

2.0 

15.6 

27.4 

230 days, 1 

7.7 

11.4 

4.8 

1.4 

16.6 

20.6 

4.5 

3.2 

20.8 


a) Erythrocytes. 

It is reported by many workers that hemoblasts, proerythroblasts, 
erythroblasts, megaloblasts, and polychromatophiles appeared in the normally 
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circulating blood of amphibia. These cells, however, are very small in 
number and their mitosis is found on very rare occasions. 

In the splenectomized animals, the mitosis of erythroblasts took 
place extensively and all series of young erythrocytes could be found 
easily in the circulating blood. Thus the general circulation becomes an 
important locus for the multiplication and differentiation of young 
erythrocytes and hemoblasts after splenectomy. 

According to the recent contribution of Tokyij, the splenectomy upon 
the carrier-pigeon causes an appearance of the polychromatophiles about 
0.5 to 10.0 per cent, of the total red blood cells. He states that the 
number of these cells shows a gradual increase with the progress of 
anemia up to the 13th day after splenectomy; in about two weeks, when 
the erythrocytes begin to increase, the polychromatophiles suddenly diminish, 
but never disappear throughout the entire period of anemia of the animal, 
following splenectomy. In my experiment, the polychromatophiles behaved 
also in a similar manner, but the disappearance of those cells has not 
occurred even after a complete recovery of anemia. 

The total number of young red blood cells reached in maximum 
about of mature ones. As is seen in my foregoing papers ('27, '30), 

the splenectomy causes an increased resistance of red blood cells to hypo¬ 
tonic salt solution and saponin. This increase of resistance seems to bo 
due to the appearance of young forms of erythrocytes which are, of course, 
much more' resistant than the simile on the verge of the disintegration. 

The small erythrocytes, from 1/2 to 1/3 in the longer diameter 
compared to that of the common red blood cells, appeared as a normal 
element of amphibian blood. Often these cells were seen in mitosis after 
the splenectomy. 

Anucleate erythrocytes were seen also in all specimens, though 
usually in small numbers. There appeared to be no significant difference 
in those between the operated and the control animals. 

b) Lymphoid cells. 

The mitosis of lymphoid hemoblast was seen in many specimens 
kept for more than 90 days after the operation. 

c) Basophilic leucocytes (Mast cells). 

As Usui has indicated, young and adult forms of mast cells are 
distinguished. 

The evidence of the increase in number of mast cells after the 
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operation is rather rare, though in a few cases they exceeded 20 % of the 
total leucocytes. The young and adult basophils exist almost equally in 
the splenectomized animals. Later on the degenerative processes set in 
the adult basophils; that is, the granules are disintegrated, the cytoplasm 
vacuolized, and the nucleus loses its definite structures. 

Fkiedsohn ('10) noted the presence of polynuclear basophils in the 
amphibian blood. Jordan also stated the lobulated nuclear basophils as 
common elements of the salamander blood. I failed, however, to find 
such polynudeate, or lobulated nuclear basophils through all the operated 
and normal newts. 


d) Eosinophilic leucocytes. 

Any remarkable changes of the eosinophilic leucocytes were not 
observed. Usui reported the existence of mononuclear eosinophils in the 
blood of normal Japanese newt on rare occasions. These mononuclear 
ones were rather common in the splenectomized. 

e) Neutrophilic polynuclear leucocytes. 

Enormous increases of the neutrophilic leucocytes frequently occurred. 
The neutrophils exceeded about 50 % of the total leucocytes after the 
removal of spleen. In the cases of such enormous increase, the anemia 
following the splenectomy usually did not recover; that is, the number of 
erythrocytes remained under about 170,000 and the erythrocytopoiesis is 
not found in any places. It seems to be that the newly increased neutrophils 
possessed many lobulated nuclei. The frequency of nuclear lobulation of 
300 cells is seem in Table V. 


Table V. 

Nos. of nuclei of neutrophilic polynuclear leucocytes. 


toos. of 
nuclei 

Fre¬ 
quency (%) 

| 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Normal 

3.7 

11.0 

i 

_1 

20 0 

25.0 

20.0 

14.0 

4.0 

1.4 

n 

H 

0.4 

— 

1 

— 

Splenectomized 

1 

! 1.7 

i 

! 

6.0 

j 

10.0 

13.3 

16.0 

IS.6 

14.0 

9.3 

! 

6.0 

2.7 

E 

0.7 

0.7 





IJEMOCYTOPOIKTIC EFFECT OF SPLENECTOMY IN THE NEWT 


59 



-► Numbers of nuclei 

Fig. 4. Frequency of nuclear lobulation of neutrophilic 
polynuclear leurocytes. This figure was plotted from 
Table IV. 


f) Thrombocytopoiesis. 

The splenectomy causes the decrease of thrombocytes count in the 
circulating blood. Most of the splenectomized animals causes the numbers 
of thrombocytes to become less than 30*6 of the total leucocytes, while 
the normal was about 34*6 in an average of 40 animals. 

As indicated already by Jordan and his coworker, the thrombocytopoiesis 
after the extirpation of spleen is carried on in the general circulation. 
In my experiment, various stages of thromboblasts in the differentiation 
were also observed. The thromboblast is spherical or oval in form, and 
has fine azurophilic granules in cytoplasm. 

g) Pigment-leucocytes. 

Of the presence of special pigment leucocytes which contain brown 
pigments in their cytoplasms, was noticed by many workers, as Gkunbkkc. 
('01), Friedsohn ('10) f Wekzbkrg ('ll), Kiyono ('21), Usui ('22) and so 
forth. 

The pigment-leucocyte of the newt is oval or round in form and 
14-35 /* in diameter. The nucleus is also oval or round in form and 
usually 1-3, but rarely 8 nuclei are seen in one cell. The chromatin 
network of nucleus is rather indistinct. The splenectomy causes frequently 
an extensive increase of pigment leucocytes m the general circulation. In 




60 


T. OHUYE 


an extreme case their number exceeded 30 % of the total leucocytes, while 
they usually remain under \°/o in the normal animals. 

Okamoto ('25), working with the toads, made an observation upon 
the pigment cell of the spleen and the liver. According to his description, 
there are two kinds of pigments in the pigment cell; one is sharp-edged 
and dark brown colored “ lipofuscin”, and the other is bluntish-edged and 
yellow brown colored “ haemosiderin”. He stated that haemosiderin was 
seen in all pigment cells in winter, but very scanty in summer. In the 
present observation the pigments of both kinds were found intermixing in 
the cytoplasm even in summer. 

h) Plasma cells and cells with Russell’s bodies. 

Plasma cells are very common in inflammatory areas in mammals. 
They are produced as histologic reaction to an inflammatory stimulus in 
the animal body. In the cold blooded vertebrates, the cells of this group 
are normally present in the circulating blood. Downy ('ll) found plasma 
cells in the ganoid fish Polyodoii, in certain frogs, and in the garter 
snake. Jordan and his coworker ('24) also reported the existence of 
secretory cells which seem to be a developmental stage of plasma cells, 
in certain teleosts. They also described plasma cells of the horned toad 
in detail ('29). It is generally accepted that the cell with Russel's bodies 
is also a developmental stage of plasma cells. The function of Russel’s 
bodies still remains unknown. 

In a few cases plasma cells and cells with Russell’s bodies were 
seen in the normal newts, though usually small in number. They were, 
however, very common in the splenectomized and exceeded about 15 ^ of 
the total leucocytes in a few cases. And sometimes they appeared in the 
ovary intermixing with pigment cells as is already mentioned. 

Plasma cells are oval or round in form. Their sizes vary 11-27 /' 
in the longer diameter. The nucleus always became pushed to one pole 
and compressed into oval form. The nucleus stained deeply with the baso¬ 
philic dyes but the chromatin networks are rather indistinct. The cytoplasm 
stained somewhat basophilic, and contained from one to four pinkish 
staining globules. These globules apparently represent the vacuole of the 
plasma cells. Russell’s bodies stained basophilic and took either globule, 
granule, or crystalloid form. The granules were occasionally agglomerated 
in a string. 
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SUMMARY. 

As is seen in the preceding description, the results of the present 
investigation accord in general to those of Wituschinski, Jordan and his 
co-workers. The summary of observations is as follows: 

1. Compensatory hemopoiesis following the splenectomy took place 
in the general circulation, heart, liver, kidney, bone marrow, and fat body, 
and the general circulation was the most important locus of all. 

2. New spleen formation after the splenectomy was found in two 
cases. These new spleens were situated under the stomach serosa. 

3. Partial hepatectomy with coincidental splenectomy caused no signi¬ 
ficant changes from the standpoint of blood formation, except the thicken¬ 
ing of granulocytopoietic capsule. 

4. The proliferation of stellate cells of liver sinuses was found in many 
specimens. These cells ingested the senile red blood colls in their cytoplasm. 
The iron reaction of stellate cells was usually positive and intensive after 
splenectomy. 

5. Iron reaction of tubule of kidney was also positive during about 
10 weeks after splenectomy. 

6. Various stages of differentiation of thromboblasts were seen in the 
general circulation of experimental animals. 

7. The pigment leucocytes were found in the blood of the splenecto- 
mized in abundance (30 % of the total leucocytes count), while they did 
not exceed l % in the normal animals. 

8. Plasma cells and cells with Russel’s bodies were also seen abund¬ 
antly in the blood and ovary of the splenectomized. 

I should like to express my thanks to Prof. Dr. S. IIatai for his kind 
advice and help throughout the course of this investigation. 
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EXPLANATION OF PLATES 
PLATE V 

Fig. L Regenerated spleens. x50. (2 small masses on the stomach wall.) Figure in 
the left hand-upper corner is the macroscopic view of the same. 3. 

Fig. 2. Hemopoiesis in the hepatic sinusoid region. x80. 

Fig. 3. Intravascular formation of hemohlasts in the li\er capillaires. x8l). 

Fig. 4. Hemopoietic field of heart. x60. 

PLATE VI 

Fig. 5. Intertubular formation of hemohlasts in a k»dne\. x80. 

Black portion on the right side is a mass of proliferating hemohlasts. 

Fij. 6. Hemohlasts in a bone marrow, x80. 

Fig. 7. Pigment leucocytes and cells with Hphsh.l's bodies. 

May-Gikmsa stain. The drawings were made with a 90 Zeiss oil-immersion 
lens, and no 3 compensating ocular, x 1600. 

1 -6 Pigment leucocytes. 

7 and 8 Cells with crystal!-.shaped HrssKi.i/s bodies. 

9-13 Ruf4SKl.l.-bod\ cells with coarse and line granules. 

14 and 15 Successively older RussiLL-body cells. 

16 Ri'ssm.-hody cell with very coarse granules. 




Sd. Rep. Tohoku Imp. Univ., Sor. IV, Vol. VU. 1*1. V. 











Mikrochemischer Nachweis von Aluminium und sein 
Vorkommen im Pflanzenreiche. 1 ) 

Von 

Y. Yoshii und T. Jimbo. 

Bioiogisches Insiitut der Kaiserlichen UniversitHt, Sendai. 
(Eingegangen am 15. Dez. 1931) 


I. Ein phytomikrochemischer Nachweis von Aluminium. 

Zum mikrochemischen Nachweis einer kleinen Menge von Aluminium 
in Pflanzenzellen hat Kratzmann 2; die Casiumprobe empfohlen, die seitdem 
als einzig empfindliche und brauchbare Methode gilt. Wir haben fest- 
gestellt, dass das bei der makrochemischen Analyse von Aluminium brauch¬ 
bare Alizarin-S auch im phytomikrochemischen Verfahren mit gutem Erfolg 
anwendbar ist. Aluminiumsalze geben mit Alizarin-S ein in essigsaurer 
Losung bestandiger, roter Farblack, den man unter dem Mikroskop leichl 
in geringen Mengen entdecken kann. Das Reagens hat wenigstens den 
Vorteil, dass dieser Farbstoff leicht zur Verfugung steht und seine Farb- 
reaktion leicht erkennbar ist. 

Im Jahre 1915 hat Atack 0 zuerst auf die Verwendharkeit von Alizarin- 
sulfosaurem Natrium zur quantitativen Bestimmung wie auch zum qualita- 
tiven Nachweis des Aluminiums hingewiesen. Spater haben Stock und 
seine Mitarbeiter^ nach kleiner Abanderung der Methode gezeigt, dass 
dieser Farbstoff fur die kolorimetrische Bestimmung kleiner Mengen von 
Aluminium besonders geeignet ist. Die Ubertragung dieser Reaktion auf 
die Phytomikrochemie ist aber noch nicht erprobt worden' 0 , obwohl einige 
Forscher sie in der Tiipfelreaktion angewandt haben ,l) . 

Contributions from the Mt Hakkoda Botanical Laboratory. No. 10. 
s )Kratzmann, E., Der mikrochemiache Nachweis und die Verbreitung des Aluminiums 
im Pflanzenreich. Sitzungsber. d. Kais. Akad. d. Wiss. in Wien. Bd. 122, Abt 1, S. 311.1913. 

Atack, E. W. f A new reagent for the detection and colorimetric estimation of alumi¬ 
nium. Jour. Soc. Chem. Ind. Vol. 34, p. 936. 1915. 

4 > Stock, A., Praetorius, P. und Prkiss, O., Die Darstellung des Berylliums. Ber. d. 
deutsch. chem. Gesell. Jahrg. 58, S. 1571. 1925. 

c > Benedetti-Pichler, Die Fortschritte der Mikrochemie in den Jahren 1915 bis 1926. 
Wien. 1927. Vgl., Tunmann-Rosenthaler, Pflanzenmikrochemie. 2. Aufl. Berlin. 1931. 

Heller, K. und Krumholz, P., Beitr&ge zur syatematischen Ttipfelanalysc, Mikro¬ 
chemie. Bd. 7, S. 213. 1929. 
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Als Nachteil dieser Reaktion bei der kolorimetrischen Analyse wurde 
angefiihrt, dass die Ausfallung von Eisen zusammen mit Aluminium erfolgt. 
In der Tat bringen anorganische Eisenverbindungen ahnlichen Niederschlag 
hervor wie Aluminium. Es lasst sich jedoch durch seine purpurne Farbung 
von diesem leicht unterscheiden. Uberdies kommt die Eisenreaktion in 
<ler Phytomikrochemie nur selten vor, weil, wie Moush 1} gezeigt hat, fast 
alles Eisen in Pflanzenzellen in maskierter Form vorhanden ist und sich 
mit mikrochemischer Reaktion nicht direkt nachweisen lasst. Selbst wenn 
Pflanzenmaterial, das sich durch locker gebundene Eisenaufspeicherung 
auszeichnet, wie z. B. Trapa natans , deren Fruchtschale bei der Blutlaugen- 
salzprobe intensitive Blaufarbung zeigt, mit dem Reagens behandelt wurde, 
<trat keine storende Reaktion auf. Daher konnten wir mit Alizarin-S- 
Reagens j; das Vorhandensein von Aluminium im Pflanzenmaterial mit 
fcefriedegendem Ergebnis nachweisen. 

Zum mikrochemischen Nachweis von Aluminium in Pflanzenzellen 
wurde ein Schnitt des Blatts auf den Objekttrager gebracht und ein Tropfen 
des angegebenen Reagens hinzugefiigt. Bald nach der Behandlung bemerkt 
man charakteristisehen Aluminium-Lack auf dem Schnitt und am Schnitt- 
rande. Die Reaktion lasst sich daher zum lokalen Nachweis von Alumi¬ 
nium in Pflanzenzellen nicht verwenden, jedoch ist sie sehr empfindlich 8) 
und eignet sich ftir lebendcs ebenso wie getrocknetes Material. Im vor- 
liegenden Versuche wurden die meisten Priifungen der Bequemlichkeit 
halber mit Herbarmaterial ausgefiihrt. 

Obwohl man mit der phytomikrochemischen Reaktion das Vorhandensein 
der zu untersuchenden Substanz. schneller und einfacher erfassen kann, so 
lasst sich damit doch die quantitative Menge nicht schatzen, wenn nicht 
die quantitative Makroanalyse mit ausgefiihrt wird. Man muss daher bei 

OMolisch, H. f Mikrochemie der Pflanze. 3. Aufl. Jena. S. 41. 1923. 

->Die Darstellung des angegebenen Reagens erfolgt nach Stock folgendermassen: 

Man Idst 100 g NH 4 NO t und 4g Alizarinsulfosaurcs Na (Kahlbaum), jcdes ftir sich, in wenig 
Wasser, vereinigt sie zu einer unfiltrierten Iiisung, verdilnnt sie auf etwa 350 ccm, setzt 
50ccm Eisessig und unter kr$ftigem Umschwenken langsam 50 ccm 2*N NH 3 -L6sung hinzu. 
Die Lttsung wird auf 500 ccm aufgefllllt und nach 24 St filtriert. Die Lttsung wird vor 
dem Gebrauch durch Filtrierpapier gegossen, wodurch sie leicht vfillig zu kl&ren ist. 

S) Zur Bestimmung der Empfindlichkeitsgrenze des Reagens wurde ein Tropfen der 
Aluminiumsulfat-L6sung, die etwa 10 cram Flllssigkeit enthielt, auf den ObjekttrMger gebracht 
und nach dessen Verdunstung das Reagens hinzugefiigt, damit sich roter Aluminium-Lack 
bildete. Die flusserste Verdtinnung, bei der noch deutliche Reaktion eintrat, war eine 0.001 
prozentige Ldsung. Die Empfindlicbkeitgrenze des Reagens betrlgt also etwa 0.01 y Alumi¬ 
nium in lOcmm 
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der Makroanalyse immer erklaren, inwieweit das gewonnene qualitative 
Ergebnis der Mikrochemie quantitativ zuverlassig ist. Nun wurde versucht, 
die am Schnitt mikrochemisch nach^epriiften Ergebnisse mit denen der 
Makroanalyse zu vergleichen. Dasselbe Blattstiick, desen Schnitt zum 
mikrochemischen Nachweis des Aluminiums benutzt war, wurde daher 
makrochemisch analysiert. Dabei wurde das Material zunachst in einem 
Platintiegel verascht, dann nach Wagung die Reinasch? mit Zusat/ von 
Kaliumbisulfat geschmolzen und mit destilliertem Wasser angefeuchtet. 
Der Aluminiumgehalt der Asche wurde nach der Methode von Stock 
kolorimetrisch mit dem Eisen mitbestimmt, dann der Eisengehalt mit 
Rhodan besonders und dieser abgezogen. Folgende Tabelle bringt einige 
Ergebnisse dieser Parallelversuche. 


Tabelle I. 


Naim* dor 
Familie 

Narnn dor Pflnn/en 

. 

Ausfall 

dor 

Keaktion 

A1 

i,in der As 

|Asche(in 
Fe | Pro/, d. 

cho. Pro/..) (Trooken- 

| suhsl.) 

(iramineae 

Miscanthun sinensis 


0.2 

0.1 

s.o 

- 

Fagacoae 

Quercus Myrsinae folia 


O.fi 

Spur 

S.7 

Ulmaccae 

- 

Ulmus parvi folia 

~~ 

0.6 

0.1 

26.2 

Urticaceao 

Boehmeria nivea 


0.3 

Spur 

20. S 

Debregeasia edulis 

- 

Spur 

Spur 

24.9 

Calycanthaceae 

Chimo nan thus praecox var. 
typicus 

- 

0.5 

Spur 

27.2 

Leguminosao 

Indigofera pseudotinctoria 


Spur 

Spur 

17.8 


Camellia japonica var. hnr • 
tennis 1 

+4 

2.6 

Spur 

6.4 


C. Sasanqua 

44 ' 

4.4 

Spur 

5.9 


Eurya japonica 

44 

4.9 

0.2 

6.5 

1 heaeea*' 

E. ochnacea 

4- 

0.6 

0.1 

6.3 


Stewartia pseudocamellia 

4+ 

3.6 

0.2 

8.9 


Temstroemia japonica 


0.1 

Spur 

7.1 

, 

Thea sinensis 

44 

2.7 

Spur 

8.8 

Umbelliforae 

Peucedanum japonicum 

- 

Spur 

Spur ] 

17.4 
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Name der 
Familie 

Name der Pflanzen 

Ausfall 

der 

Reaktion 

A1 

(in der As 

1 

I Fe 

che. Proz.) 

Asche (in 
Proz. d. 
Trocken- 
subst.) 

Diapensiareae 

Diapensia lapponica var. asiatica 

m 

16.3 

0.4 

4.3 

Shortia soldanelloidcs var. 
genuina f. 

ttt 

24.0 

Spur 

6.6 

Ericaceae 

Leucothoe Grayana var. 
Tschonoskii 

+ 

1.4 

Spur 

6.4 


Symptoms crataegnidea 

m 

13.7 

Spur 

| 10.6 


S. lucida 

ttt 

22.7 

0.1 

10.7 

Symplocaceac 

S. myrtacea 

♦H 

27.2 

0.4 

i 

13.0 

S. neritfolia 

W 

26.9 

Spur 

9.7 


S. prunifolia 

4H 

| 19.2 

Spur 

j 9.9 


S. theophrastae folia 

m 

J 26.fi 

Spur 

| 15.8 

Rubiaceae 

Darnnacanthus indicus var. 
major 

ttt 

| 6.7 

0.2 

| 7.2 

Oldenlandta hirsuta 

ft 

La°__ 

| Spur 

| 8.9 


Lycopodium clavatum 

ft 

| 15.7 

| Spur 

| 5.1 

Lycopo<!ia< eae 

L. complanatum var. 

anceps 

L. sitehensr var. 

mkoen.se 

ttt 

H 

j 19.9 

1 8.0 

i °-i. 

| Spur 

6.4 

| 6.0 

lsO!*taceae 

/ soe t o Japan t ca 

- 

1 

j 0.1 

j 22.9 

Polytrichaceae 

Polytrit hum junipcrinum 

ft 

| 11.3 

1 1.7 " 

j 4.9 


Wie aus der Tabello zu erkennen ist, stimmen die Ergebnisse der 
mikrochemisohen Priifung im grossen und ganzen schr gut mit denen der 
Makroanalyse iibcrein, wenn der Aluminiumgehalt des Pflanzenmaterials 
ungefiihr ein Prozent in der Aschc iiberschritt. Geringere Mongen Alumi¬ 
nium als dies kann man nicht immer mittels dieser mikroehemischen 
Methode auf einem Blattsohnitt nachweisen. Wenn man positive mikro- 
chemische Keaktion erhalt, so ist anzunehmen, dass das Material wenigstens 
ein Prozent Aluminium in der Asche enthalt. Die Ergebnisse der Parallel- 
analyse zeigen ferner, dass die mikrochemisch gewonnenen Resultate fast 
immer den quantitativen Mengen des Aluminiums gut entsprechen, und 
zwar zeigt eine geringe Lackmasse untor dem Mikroskop nur etwa ein 
Prozent Aluminiumgehalt, wahrend man aus einer grossen Masse den 
hochsten Wert erwarten kann, der wenigstens zehn Prozent Aluminium in 
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der Asche betragt. Wir konnen daher durch die mikrochemische Priifung 
mit diesem Reagens ein gutes Bild fiir den Aluminiumgehalt in den ver- 
schiedenen Pflanzen gewinnen, soweit es in ziemlich grosser Menge vor- 
handen ist. Im Anschluss an den Aluminiumgehalt haben wir uns davon 
iibcrzeugt, dass in Blattern viel weniger Eisen als Aluminium aufgespeichert 
ist, das in den bestimmten Pflanzen in bemerkbarer Mc*nge vorhanden ist. 

II. Die Verbreitung von Aluminium im Pflanzenreiche. 

Die Verbreitung von Aluminium innerhalb verschiedener Familien ist 
systematisch noch wenig untersucht worden. Kratzmann ,; verdanken wir 
die durch mikrochemisches Verfahren gewonnene Erkenntnis, dass Aluminium 
im Pflanzenreiche weit verbreitet ist. Er gelangte weiter zu dem Sehlusse, 
dass das Vorkommen von Aluminium nicht im Zusammenhang mit der 
systematischen Stellung der Pflanzen steht. Dieser Schluss griindet sich 
aber auf die von ihm gepriiften 130 Pflanzen und etwa 80 Pflanzen, doron 
Aluminiumgehalt durch Aschenanalyse von Wolff’’ gefunden worden 
war. In diesen ihren Versuchen wurden natiirlich verschiedene Pflanzenteile 
zur Priifung benutzt. Da der Aluminiumgehalt cinerseits je naeh don 
Organen verschieden und andererseits die Aschenanalyse die geringste 
Menge nachzuweisen vermag, so kann man aus diesen Ergebnissen nicht 
ohne weiteres die Beziehung der Aluminiuraanhiiufung zur systematischen 
Stellung der Pflanzen feststellen. Hier ist nun vor.sucht worden, um ein 
klares Bild iiber die Verbreitung des Aluminiums im Pflanzenreiche zu 
erhalten, nur ein und dasselbe Organ bei den vergleichendcn Versuchen 
zu benutzen, und zwar nur Schnitte von Blattern. Wie obtn bemerkt, 
kann man mit dem Alizarin-S-Reagens den Aluminiumgehalt von etwas 
iiber einem Prozent in der Asche sicher nachweisen. Die positive Reaktion 
zeigt daher bereits eine hohe Anhaufung von Aluminium, so dass man 
solche Pflanzen geradezu als Aluminium-Pflanzen ansprechcn kann. Mit 
diesem Reagens untersuchten wir eine grosse Anzahl von Pflanzen, > die 
zu versehiedenen Familien gehoren und auch an bkologisch uneinheitliehen 

UKratzmann, E., 1. c. 

2 >Woi.f r, E., ziticrt in Kratzmann, S. 318. 

^ Das Material stammt zum grtfsston Teil aus den Sammlungen im lK»tanisclu*n Lalio- 
ratorium auf Berg HakkoJa, es wurde aber auch Horharmateria) unseres InsUtuts so\\i<* 
frisches Material benut/t, das auf dem oben genannten Berg und im botamschon (aarteii 
in Sendai gcsammelt worden war. Ich spreche hier Herrn Dr. Horikawa in Hiroshima 
meinen beaten Dank aus, der mir viel Herbarmnterial, besonders von Krvptogamen /ur 
Verfligung gestcllt hat. (Y* Y.). 
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Orten !) gewachsen waren, auf Aluminium. Die 808 gepriiften Pflanzen 
umfassen 674 Phanerogamen, die zu 121 Familien gehoren, und 134 
Kryptogamen, einschliesslich 28 Bryophyten und 2 Flechten. Um einefi 
Uberblick iiber die Verteilung von Aluminium im Pflanzenreiche zu geben, 
werdcn wir sie zunachst in folgender Tabelle zusammenfassen: 

Tabelle II. 



i 

1 

1 . _. 

Cryptogamae 




Phanero- 

gamae 

1 1 

Pteridophyta 

’ 


Gesamt- 

zahl 


| Filicales 

Lycopodiales,j 

Equisetales, 

1 etc. j 

Bryophyta 

Lichenes 

Gcprlifte Pflanzen 

j 674(121)* 

j 83(10) 

21(6) 

28 

o 

808 

Aluminium-Pflanzen 

j 42(15) 

1 

13(5') 

7(2) 

16 

0 

77 


* Hie Ziffern in Klammcrn /.eigen die Anzahl von Familien. 


Wir haben in etwa zehn Prozent dor gepriiften Pflanzen deutliche 
Aluminiumanhaufung gefunden, in Kryptogamen viel haufiger als in 
Phanerogamen. Auffallend ist, dass sich die 62 gepriiften Aluminium- 
Pflanzen, ausschliesslich ♦Bryophyten, in 22 Familien finden und unter diesen 
nur in 6 Familien massenhaft. 

Die uneinheitliche Verteilung des Aluminiums in den verschiedenen 
Familien und Gattungen lasst sich aus der folgenden Tabelle III noch 
deutlicher erkennen. Um Raum zu sparcn, wurden in der Tabelle ntfr 
die Pflanzen angegeben, die sich mittels dieser Reaktion als positiv 
erwiesen haben. Die Familien wurden systematisch nach Engler geordnet. 
Die Ziffern in Klammern neben den Familiennamen zeigen die Anzahl der 
von uns gepriiften Pflanzen, und die folgenden die, bei denen das Reagens 
positive Reaktion gegeben. Durch die Anzahl der links von den Namen 
stehenden + ist der mehr oder minder bedeutende Aluminiumgehalt 
ersichtlich gemacht, wahrcnd ± den undeutlichen Gehalt zeigt. Der von 
uns aus Aschenanalysen gewonnene Aluminiumgehalt wurde auch in 
Prozenten beigefiigt. 

n Vergl. dazu uitaere vorhcrgchende Arbeit; 

YosHfi, Y. und Jimbo, T., Untersuchungen liber die osmctischen Werte bei Pflanzen 
mf dem Berg Hakkoda. Science Reports Tohoku Imp. Univ. 4th Ser. (Biol.) Vol. 6, p, 259. 
1931. 
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Tabelle III. 

Potamogetonaceae (1) 1 
± Potamogeton polygonifolius Pourr. 

Liliaceae (27) 1 

± Aletris foliata French. 

Lardizabalaceae (2) 1 
± Stauntonia hexaphylla Decne. 

Saxifragaceae (It) 4 
+ 4 Hydrangea hirta Sieb. et Zucc. 


4 

//. 

opuloides Steud. var. Otaksa l)»pp. 

± 

H. 

paniculata Sieb. 

± 

//. 

scandens Maxim. 


Rutaceae (5) 1 

± Skimmia japonica Thunb. 

Euphorbiaceac (15) 1 
•4- Daphniphyllutn humile Maxim. 

Aquifoliaceae (6) 1 

rfc Ilex crenata Thunb. var. typica Loes. f. genuma Loos. 

Theaceae (13) 11 

4- 4 Camellia japonica L. v.ir. hortensis Makino. (2.6’*) 


4 4 

a 

japonica L. var. spontanea Makino. 

4 + 

c. 

reticulata Lind). 

+ 4 

c. 

Sasanqua Thunb. (4.4 ?£) 

4 4 

Eurya emarginata Makino. 

4 4 

E. 

japonica Thunb. (4.9?©) 

4 

E. 

ochnacea Szysz (0.6?©) 

4-4 

Stewartia mo node Ip ha Sieb. et Zucr. 

44 

S. 

pseudocamellia Maxim (3.6’©'> 

4 

5. 

serrata Maxim. 


4- 4- Thea sinensis L. (2.7?©) 

Cornaceae (6) l 

± Cornus canadensis L. 

Diapensiaceae (4) 4 

4- 4* 4* Diapensia lapponica L. var. asiatica Herd. (16.3?©) 

4-4-4- Shortia soldanelloides Makino var. genuina Makino f. typica Makino. (24.0?©) 
4 4-4- 5. soldanelloides Makino var. magna Makino. 

4 + 45. uniflora Maxim. 
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Ericaceae (27) 1 

4- Leucothoe Gruyana Maxim, var. Tschonoskii Takeda. (IA%) 

Symplocaceae (7) 7 

4 4 4- Symplocos crataeguides Ham. (13.7?©) 

4 4- 4- S. land folia Sieb. et Zucc. 

4 4 S. lucida Sieb. et Zucc. (22.7?©) 

4 4 4 S. myrtacea Sieb. et Zucc. (27.2 %) 

4 4- 4 S. neriifolia Sieb. et Zucc. (25.9?©) 

4 4 4 & prunifolia Sieb. et Zucc (19.2?®) 

4 t 4 S. theophrastaefolia Sieb. et Zucc. (26.6?©) 

Oleaceae (11) 1 

H Osmanthus Aquifolium Sieb. var. japonicus Makino. 

I.entibulariaceae (2) 1 
4- Utricularia japonica Makino. 

Rubiaceae (26) 6 

k 4' Damnacanthus indie us Gaertn. f. var. genuinus Makino. 

4- 4- f D. indicus Gaertn. f. var. major Makino. (6.7*©) 

4-4-4* Lasianthus japonicus Miq. 

4- 4 Mitchella repens L. var undulata Makino. 

1- Oldenlandia diffusa Roxb. 

4- 1- O. hirsuta L. f. 

Marattiaceai* (1) 1 
4- Angiopteris evecta Hoffm. 

Ophioglossaceae (5) 1 
4- Hotrychium ternatum Sw. 

Cyatheaceae (3) 3 
4 Alsophila Bongardiana Melt. 

4- A. latebrosa Hook. 

4- Cyathea spinulosa Wall. 

Polypodiaceae (61) 6 
4- Asplenium incisum Thunb. 

4 Dryopteris Miqueliana C. Chr 

4 4 Plagiogyria adnata Bedd. 

4 4 4 P. Matsumuraeana Makino. 

f- Polystichum Thunbergii Koidz. 

4- P. tripteron Prosl. 

Gleicheniaceae (2) 2 

4- 4- G/eichema glauca Hook. 

4 G. linearis Clarke. 
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Lycopodiaceae (10) 6 
4 4 -4- Lycopodium cernuum L. 


4 4 

L. 

davatum L. (15.7%; 

4 4 4- 

L. 

complanatum L. vai. anceps Milde. (19.9%; 

4 4 

L. 

inundatum L. 

4 4 

L. 

obscurum L. 


L. 

site he rise Rupr. var. ntkoense Takeda. (8.6 % 



Isoetaceae (2) 1 

44 

Isocles asiatico Makino. 



Hepaticap (11; 5 

4 

Bazzania albicans St. 

4 

Scapania gigantea Horikawa. 

4 

S. 

hirosakiensis Stcph. 

4 

S. 

rotundifolia Horikawa. 

4 4 

S. 

spinosa St. 



Musri (17; 10 

4 

Leucobryum scabrum Lac. 

4 

Mnium punctatum (L., Schreb.) Hedw. 

4 4 

Pogonatu - 

m contortum (Menz.) I^oesk. 

4 

P. 

grandifnlium Jaeg. 

4 4 

P. 

inflexum Lindb 

4 

P. 

urnigerum (L.) 

+ 

P. 

spinutosum Mitt. 

4 4 

Polytrichum juniperinum Willd. (11.3 %) 

4 4- 

P. 

sphaerothecium Beach. 

4- 

T rnchypu 

s bicolor R. et H. 


Aus der Tabellp kann man zunachst erkennen, dass das Aluminium 
auf bestimmte Familien besohrankt zu sein scheint, wenn es auch in ganz 
kleinen Mengen, die zwar nicht mittels dieses phytochemisehen Verfahrens, 
wohl aber mit der Aschenanalyse nachweisbar sind, vveit verbreitet sein 
mag. Wir mochten den Aluminiumgehalt in einigen Familien als eine 
ihrer charakteristischen Eigenschaften betrachten, weil ihre Vertreter alle 
oder fast alle eine grosse Menge von Aluminium in ihren Hlattern auf- 
speichern. Wir konnten die bekanntc Tatsache, dass die moisten Lycopodv 
aceae , Baumfarne und Symplocaceae reichlich Aluminium enthalten, auch 
bei unseren Pflanzen bestatigen. In der Tat zeichnen sich alle von uns 
gepriiften Symplocos - Arten durch auffallend grosse Mengen von Aluminium 
aus, das bei den meistcn Pflanzen iiber 25 0/ o (entsprichl etvva 50** ALO ; ) 
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in der Asche betragt. Wahrend die 3 gepriiften Baumfarne (Cyatheaceae) 
ebenfalls positive Reaktion zeigen, lasst sich deutliche Anhaufung von 
Aluminium in den meisten Lycopodiaceae (6 Arten unter 10) feststellen. 
Dazu konnen wir noch die Familie Gleicheniaceae hinzufiigen, da 2 gepriifte 
Vertreter gleichfalls deutliche Aluminiumanhaufung zeigten. Noch auf- 
fallender ist, dass alle Pflanzen der Diapensiaceae eine kolossale Menge 
von Aluminium aufspeichern, ebenso wie Symplocaceae . Ein anderes 
Beispiel habcn wir in der Familie der Theaceae gefunden, obwohl der 
Aluminiumgehalt nicht so reichlich ist wie der der oben angegebenen 
Familien, jedoch gehoren die meisten (11 Arten unter insgesammt 13) zu 
den Aluminium-Pflanzen. 

Die Verteilung des Aluminiums in beschrankten Gattungen lasst sich 
noch klarer zeigen. Selbstverstandlich zeichnen sich alle gepriiften 
Gattungen Symplocos in den Symplocaceae und Diapensia und Shortia in 
den Diapensiaceae dadurch aus, dass ihre Vertreter ausnahmslos zu den 
Aluminium-Pflanzen gehoren. Das Gleiche gilt aueh fiir Gattungen in den 
Gleicheniaceae , Cyatheaceae und Marattiaceae, obwohl von den letzten nur 
ein Vertreter zur Verfiigung stand. Die Gattung Lycopodium bietet ein 
anderes Beispiel, obschon sich eine bemerkbare Menge von Aluminium bei 
zwei Arten und zwei Varianten nicht erkennen lasst, die systematisch zu 
einer verwandten Abteilung gehoren. Auffallend ist die Verteilung in den 
Gattungen von Theaceae ; denn wahrend alle gepriiften Pflanzen in den 
Gattungen Camellia , Eurya , Stewartia und Thea eine ziemlich grosse Menge 
von Aluminium aufspeichern, ist das Metall bei Vertretern von Schima 
und Ternstroemia nicht deutlich angehauft. Hervorgehoben sei hier noch, 
dass Aluminium-Pflanzen unter den Saxifragaceae alle zur Gattung Hy¬ 
drangea gehoren. Ein ahnlich auffallendes Beispiel lasst sich bei den 
Rubiaceae erkennen. In dieser Familie haben wir bei 6 Arten unter 26 
gepriiften eine betrachtliche Menge von Aluminium gefunden, wobei 2 zur 
Gattung Damnacanthus und 2 zu Oldenlandia gehoren, wahrend die 
iibrigen 2, jede fiir sich, nur der einzige Vertreter der Gattung Ijasianthus 
und Mitchella sind. Die Aluminium-Pflanzen finden sich beschrankt auch 
in bestimmten Gattungen unter den Polypodiaceae. Also alle von uns 
gepriiften Plagiogyria- Pflanzen erwiescn sich als Aluminium-Pflanzen, 
wahrend andere artenreiche Gattungen nur eine einzige oder zwei 
Aluminium-Pflanzen enthalten, z. B. nur eine unter 15 gepriiften Dryapteris- 
und 2 unter 9 Polystichum-Arten . 

Hier muss nun unsere Ansicht, dass Aluminiumanhaufung als ein 
charakteristisches Merkmal einer Abteilung der Pflanzen aufzufassen ist. 
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beriicksichtigt werden. Wenri diese unsere Ansicht richtig ist, so muss 
es viele Familien odcr Gattungen geben, die koine Aluminium-Pflanzen 
enthalten. Das beweisen besonders die folgenden Familien, in denen 
es keinen Aluminium aufspeichernden Vertretcr gibt, soweit unser 
Verfahren das mit Sicherheit nachweisen kann, wie Cycadaceae (1)*, 
Ginkgoaceae (1), Taxaceae (3), Pinaceae (16), Typhaceae (1), Sparganiaceae 

(1) , Scheuchzeriaceae (1), Hydrocharitaceae (2), Gramineae (31), Cyperaccae 
(27), Araceae (1), Commelinaceae (1), Juncaceae (3), Amaryllidaccae (2), 
Dioscoreaceae (1), Iridaceae (4), Orchidaceac (12), Piperaceae (1), Chloran - 
thaceae (2), Salicaceae (5), Myricaceae (1), Juglandaceac (1), Betulaceae (7), 
Fagaceae (9), Ulmaceae (3), Moraceae (11), Urticaceae (6), Proteaceae (1), 
Santalaceae (1), Loranthaceac (1), Aristolochiaceae (2), Polygonaceac (13), 
Chenopodiaceae (2), Amarantaceae (2), Phytolaccaceae (1), Aizoaceae (2), 
Caryaphyllaceae (3), Nymphaeaceae. (3), Gratophyllaccae (l), Ranunculaceae 
(18), Berberidaceae (3), Magnoliaceae (4), Calycanthaceae (1), Lauraceae 
(6), Papaveraceae (1), Capparidaceae (1), Cruciferae (6), Droswaceae (1), 
Crassulaceae (1), Pittosporaceae (1), Hamamelidaceae (2), Rosaceae (25), 
Ijeguminosae (19), Geraniaceae (9), Oxalidaceae (1), Simarubaceae (1), 
Buxaceae (1), Empetraceae (1), Celastraceae (4), Staphyleaceae (1), Acer 
aceae (8), Balsaminaceae (2), Rhamnaceae (1), Vitaceae (2), Elaeocarpaceae 

(2) , Tiliaceae (2), Malvaceae (1), Sterculiaceae (1), Dilleniaceae (2), 
Guttiferae (2), Violaceae (7), Flacourtiaceae (1), Slachyuraceae (1), 
Thymelaeaceae (4), Elaeagnaceae (2), Lythraceae (1), Rhizophoraceae (1), 
Oenotheraceae (7), Halorrhagaceae (2), Araliaceae (9), Umbelliferae (16), 
Pirolaceae (2), Myrsinaceae (4), Primulaceae (6), Sapotaceae (2), Ebenaceae 
(1), Styracaceae (1), Loganiaceae (1), Gentianaceae (7), Apocynaceae (2), 
Asclepiadaceae (1), Convolvulaceae (1), Borraginaceae (5), Verbenaceae (4), 
Labiatae (16), Solanaceae (1), Scrophulariaceae (11), Bignoniaceae (1), 
Orobanchaceae (1), Plantaginaceae (2), Cajmfoliaceae (11), Valerianaceae. 
(1), Dipsacaceae (1), Cucurbitaceae (2), Campanulaceae (5), Campositae 
(49), Hymenophyllaceae (4), Schizaeaceae (1), Osmundaceae (3), Marsiliaceae 
(1), Salviniaceae (2), Equisctaceae (4), Selaginellaceae (4), Psilotaceae (1), 
Lichenes (2). Anderseits zeigte in den folgenden Familien nur ein 
Vertreter, meistens freilich nur undeutlich, positive Aluminium-Reaktion: 
Liliaceae (27), Rutaceae (5), Euphorbiaceae (15), Aquifoliaceae (6), Coma - 
ceae (6), Oleaceae (11), und Ophioglossaceae (5). Diese Tatsache, dass 
nur eine Pflanze, aber die anderen derselben Familie keine nachweisbare 

*> Die Ziflfern in Klammern zeigen die Anzahl der von uns gepriiften Pflanzen. 
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Menge von Aluminium enthielten, bestarkt uns noch mehr in unserer 
Ansicht, aber stiitzt nicht die Behauptung von Kratzmann 0 , dass keine 
Beziehung zwischen Aluminium und systematischer Verwandtsehaft 
bestehe. Anderseits scheint das Verhalten einiger Familien dem zu 
widersprechen, weil in Rubiaceae , Saxifragaceae und Polypodiaceae einige 
Aluminium-Pflanzen zerstreut auftreten. Betrachtet man dies aber genauer, 
so bemerkt man, dass die meisten Aluminium-Pflanzen doch auf einige 
Gattungen beschrankt anftreten, wie schon oben erwahnt. Aholiches gilt 
auch fiir die Bryophyten, indem alle 5 Pogonatum - und die diesen verwandten 
2 Polytrichum- Arten in Musci und 4 Scapania-Arten in Hepaticae als 
Aluminium-Pflanzen sich erweisen, wahrend andere nur zerstreut in 
verschiedenen Gattungen gefunden wurden. Von anderen Familien, 
Isoetaceae, Lardizabalaceae und I^entibulariaceae , die aueh Aluminium- 
Pflanzen enthalten, konnen wir derzeit noch nicht sicher sagen, ob sie zu 
den Aluminium-Familien gehoren oder nicht, weil die Zahl der gepriiften 
Vertreter fiir solche Entscheidung nicht geniigt. 

Die Anzahl der Pflanzen, die mit dem angegebenen Reagens positive 
Reaktion zeigen, wird mit der Versuchszahl zunehmen, jedoch sind wir, 
insoweit eben unsere Priifung reicht, zur Uberzeugung gelangt, dass die 
Aluminium-Pflanzen hauptsachlich auf bestimmte Familien oder Gattungen 
beschrankt auftreten, mogen auch individuelle Schwankungen vorkommen. 

Uberblicken wir nun unscre Ergebnisse, so schliessen wir uns an 
Molisch S) an, der hinsichtlich der weiten Verbreitung des Inulins in der 
Familie der Kompositen behauptet hat, dass es zu den charakteristischen 
Eigenschaften dieser Abteilung gercchnet werden miisse, wenn es auch 
noch in anderen, damit nicht verwandten Familien auftritt. So diirfen wir 
mit gutem Rechte den Aluminiumgehalt in einigen bestimmten Familien 
oder Gattungen als eine charakteristische Eigenschaft von ihnen betrachten, 
wenn auch Aluminium noch in anderen Abteilungen in kleinen Mengen 
oder zufallig auftritt. 


ZUSAMMENFASStJNG. 

1) Zum mikrochemischen Nachweis kleiner Mengen von Aluminium in 
pflanzlichen Geweben ist Alizarin-S mit gutem Erfolg anwendbar. 

2) Die Parallelversuche mittels Aschenanalyse zeigen, dass ein Aluminium¬ 
gehalt der Blatter, der etwas grosser als ein Prozent in der Asche ist, 


uKratzmann, E. f 1. r. S. XU. 
Molisch, H., 1 . r. S. 9. 
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mit dem angegebenen Rea gens auf einem Blattschnitt phytomikrochemisch 
gut erfassbar ist. 

3) Mit dem Reagens untersuehten wir einc grosse Anzahl von Pflanzen 
(674 Phanerogamen und 134 Kryptogamen), die zu versehiedenen Familien 
gehoren und an okologisch uneinheillichen Orten gewachsen waren. 

4) Obwohl Aluminium im Pflanzenreiche in kleinen Mengen well 
verbreitet vorkommt, findet es sich doch in grossen Mengen nur auf 
bestimmte Pflanzen beschrankt. 

5) Es lassen sich Beziehungen zwisehen Aluminiumgehalt und systema- 
tischer Verwandtschaft dor Pflanzen Richer feststellen. 

6) Alle oder fast alle Pflanzen in den folgenden Familien (unter 136 
gepriiften Familien) zeichnen sich durch deutliche Aluminiumanhaufung in 
ihren Bliittern aus: Symplocaceae, Diapensiaceae, Theaceae, Cyatheaceae, 
Gleicheniaceae und Lycopodiaceac. 

7) Bei den Pflanzen folgender Gattungen konnten wir eine betrachtlichc 
Menge Aluminium finden: Hydrangea (Saxifragac .), Camellia, Eurtja, 
Stewartia, Thea (Theac.), Diapensia, Shorlia (Diapensiac .), Damnacanlhus, 
Oldenlandia, Lasianthus, Mitchella (Rubiac.), Symplocos {Symplocac .), 
Angiopteris ( Maralliac.), Alsophila, Cyathea (Cyatheac), Plagiogyria 
(Polypodiac.), Gleichenia (Gleicheniac.), Lycopodium (meistens) [.Lycopodiac .), 
Scapania (Hepaticae), und Pogonatum (Musci). 


Berichtigung. 

In dem Aufsalz von Yosiui und Hayasi : „ Botanische Studien sub- 
alpiner Moore. .. “ (Contributions from the Ml. Hakkoda Bot. Laboratory 
No. 9) in Bd. 6, Nr. 'I, 1931, Seite 340, Zeile 16-17 ist Richtigstcllung 
eines Druckfehler unterblieben. Es soil richtig heissen: „ Die Moore sind 

auf saurem, nahrstoffarmem Asohendoden aus oligotrophen Pflanzen 
entstanden, wie... . “ 
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INTRODUCTION. 

It is well known fact that the starfish attacks the Peleoypodal and 
the Gastropodal molluscs, excreting some poisonous substance capable of 
paralysing or even to killing on the prey. 

Van der Hydf. (1922) demonstrated experimentally the presence of 
the toxic substance in the stomach extract of the starfish, using the 
isolated heart of Pecten and the gastrocnemius of frog. He, however, did 
not mention which species of the starfish was used, and states: “ Does 

the stomach of the starfish secrete a substance which is poisonous to the 
muscles or in general, to the contractil tissues of the prey ? In that way 
the secretion of the stomach would have a double function: 1. to kill the 
prey or at least to abolish the tonus of the adductor muscle, 2 to dissolve 
the tissues more or less completely in order to make them fit to enter 
into the stomach or the radial sacs.” 

We have undertaken to test his suggestion and to get more light on 
the nature of the toxin. Among the common starfishes, we have selected 
the species which have the most intense toxin and seemed suitable for 
farther investigations. Similar tests were made using the extracts of the 
alimentary tracts of the representative forms of the other classes of 
Echinodermata, as well as of . the extract prepared from several tissues of 
the oyster. 

We wish to express here our sincere thanks to Prof. S. Hatai, the 
director of the station, who gave us encouragement and suggestions 
throughout the investigation. 

D Contributions from the Marine Biological Station, A^imushi, Aomori-Ken. No. 79. 
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EXPERIMENTS. 

The materials were prepared as follows. The tissues were removed 
from the animal body and washed in sea water, the excess sea water was 
absorbed by a filter paper and then weighed, ground in a mortar to paste 
and mixed well with sea water 15 times Its own weight, and left for a 
while before use. The oyster heart used for testing the toxity of the 
extracts was cautiously isolated from Ostrea circumpicta , after the method 
described by Takatsuki (1927). The species name of the starfishes used, 
was identified by the descriptions given by UCHIDA (1928). 

To examine the effect of the extracts on the heart, the sea-water was 
quickly replaced by a beaker containing a known amount of the extract, 
and the reactions produced were recorded by means of the usual kymogra¬ 
ph ic method. 


RESULTS. 

I. The effect of the stomach extracts of the starfishes. 

By the above methods, the effect of the extracts of five species of 
starfishes on the heart of oyster, gave the following results. 

1) AMerias rollestoni. (Fig. 1.) On immersing the heart in the extract, 
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Fig. 1. Effect of the extract of the stomach of Asterias rolUstoni. 

Time in 5 seconds. 

the heart ceases pulsation almost instantly producing a tetanic contraction, 
which however gradually relaxes or shows at the most only one or two 
paroxysmical pulsations. The heart, thus treated for a few minutes, can 
not restore activity even when returned to normal sea water. 

2) Patina pectinifera. (Fig. 2) The heart when immersed into the 
extract of Asterina, shows no such fatal toxic effect. The heart shows a 
slightly increased number of pulsations in the course of six minutes, which 
however recovers when returned to sea water, with a tendency of slight 
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Fig 2. Effect of the extract of the stomach of Patina pecttnifeta. 

Time in 5 seconds. 

acceleration in its pulsation. 

3) Certonardoa semtregularis. (Fig. 3) The result is similar to that 
of Asterina pedinifera, though its toxity appears to be less. 

4) Astropecten scoparius. (Fig. 4) The heart ceases pulsation in a 
paralized and contracted state, and does not recover in sea water. Thus 



Fig. 3. Effect of the extract of the F*ig. 4. Effect of the extract of the 

stomach of Certonardoa semiregalaris. stomach of Asteropccten scoparius. 

Time in minutes. 


the effect resembles that of Asterias rollestoni , though its toxity appears 
weaker than that shown by Asterias . 

5) Aphelasterias japonica. (Fig. 5) The heart beats normally in this. 



Fig. 5. Effect of the extract of the stomach of Aphelasterias japonica. 

Time in minutes. 

extract for several seconds, but suddenly diminishes strikingly and after 
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about five minutes it ceases completely in a contracted state. The heart 
does not recover in the sea water. 

II. Experiments on the Echinoidea and Holothuroidea. 

The experiments were performed with the extracts of the intestinal 
tracts, and the following results were obtained. 

1) Strongylocentrotus sp. (Fig. 6) The heart beating is remarkably 
accelerated in the extract, the frequency is increased very much, and no 
other toxic signs are observed. 



Fig. 6. Effect of the extract of the intestine of Strongylo• 
centrotus sp. Time in minutes. 


2) Heart urchin. (Fig. 7) Practically no change is observed in the 
extract. 

3) Sticopus japonicus . (Fig. 8) The frequency is increased and the 
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Fig. 7. Effect of the extract of the intestine of heart urchin. 
Time in minutes. 


amplitude is nearly normal. On returning to sea water, the normal 
pulsations, if not slightly stronger, are recorded. 

4) Cucumaria (Fig. 9) and Caudina. (Fig. 10) The effects are practi¬ 
cally identical to that shown by Sticopus japonicus. 

III. Distribution of toxic substance in Asterias rollestonu 
We have examined several other tissues than the stomach of Asterias 
rollestoni , and obtained the following results. 
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Fig. 8. Effect of the extract of the intestine of Sticopua jnptmicus. 
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Fig. 9. Effect of the extract of the intestine of Curumaria np. Time 
in 5 seconds. 
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Fig. 10. Effect of the extract of the intestine of Caudina chilensis. 

Time in minutes. 

1) Pyloric caeca. (Fig. 11) The heart immersed in the extract of 
pyloric caeca exhibits only a slight decrease in the amplitude. 
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Fig. 11. Effect of the extract of the pvloric caeca of Asterias 
roll ext oni. 'Time in minutes. 



















84 


E. SAWANO AND K. MITSUGI 


2) Tube-feet. (Fig. 12) The effect in the tube-feet appears within one 
minute, the amplitude gradually diminishes to half of the normal, though 



Fig. 12. Effect of the extract of the tube-feet of Asteriaa rolUatoni. Time 
in minutes. 


the pulsation continues in such a state. When replaced in sea water the 
heart restores normal pulsation very slowly. 

IV. Effects of the extracts of some tissues of oyster. 

1) Digestive diverticula with the stomach wall. (Fig. 13) The digestive 
diverticula and stomach were ground together, and the extract was made 
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Fig. 13. Effect of the extract of the digestive diverticula of the oyster. 
Time in 5 seconds. 


as usual. The heart pulsation in this extract shows a remarkable increase 
in the frequency, though at the same time the amplitude is considerably 
diminished. On returning to the sea water, the heart restores normal 
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pulsation with a slight tendency of increased frequencies. 

2) Muscle (adductor). (Fig. 14) In the extract of the adductor muscle 
the heart beats somewhat rapidly with a much diminished amplitude. 

3) Heart. (Fig. 15) The heart was extracted with sea water 20 times 
its own weight The heart beats in a contracted state within the first half 
minute, but when, however, it is replaced to the sea water it gradually 
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Fig. 15. 

Effect of the extract of the heart of the oyster. 

Time in minutes. 



1.0 CC l.fliY 
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JU* cc 
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10.0 CC 


Fig. 16. Effect of the extract of the stomach of Asterias rol- 
lestoni, in increasing the concentration of the extract by adding 
1 cc., 1 cc., 3cc., 5cc., 1()cc. and finally 30 v of the extract to 
100 cc. of sea water. Time in minutes. 
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regains the normal state and the pulsation becomes somewhat accelerated, 
especially in its amplitude. 

V. The concentration of the extract at which the toxic reaction appears 
on the heart of oyster. (Fig. 16 a, b, c.). 

The extract is prepared as usual, diluting the tissue paste of the stomach 
of Asterias rollestoni with the sea water of 15 times its own weight. 

The reaction of the heart treated with the gradually incryased concentra¬ 
tion of the extract, was shown in the following manner. The heart which was 
pulsating normally in the sea water, was replaced into the mixture of 1 cc. 
of the extract and 100 cc. of sea water, and the reaction in this medium 
was recorded ; and after two minutes the heart was replaced into sea water 
for another two minutes. The heart thus recovered was again immersed 
into a mixture consisting of 2 cc. of the extract and of 100 cc. of sea water. 
The process was repeated till the amount of the extract was increased 
from t to 2, 5, 10, 20 and finally to a 50 cc. mixture with 100 cc. of sea 
water. 

The results of the observations were as follows. In the concentration 
of the extract of 5 cc. in 100 cc. of sea water, the heart pulsates with less 
than half of the normal amplitude, and will not, within two minutes, restore 
normal pulsation when returned to sea water. When immersed in the 
mixture containing 20 cc. of extract in 100 cc. of sea water, the heart 
pulsation became very faint and small, and finally in the mixture of 50 cc. 
of the extract and of JOOcc. of sea water, the heart became paralysed 
and ceased pulsation in a contracted state. 

CONCLUSION. 

The present investigation shows that the poisonous strength of the 
stomach extracts differs widely according to the species of starfishes. The 
toxity is strongest in the extract prepared from the stomach of Asterias 
rollestoni and almost equally strong in that of Asteropeclen scoparius . 
Aphelasterias japonicus occupies the middle while it is negative in those 
obtained from Patiria pectinifera and Certonardoa semireguraris . 

In the extracts prepared from the digestive tracts of Echinodermata 
belonging to the classes Echinoidea and Holothuroidea, appearently no 
comparative poisonous substances are found. 

The toxic reaction of the extract prepared from the stomach of Asterias 
rollestoni appears only when the concentration reaches 5 cc. of the extract 
in 100 cc. of sea water. The mixture of 20 cc. of the extract to 100 cc. of 
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sea water produces a decisive effect to the heart, and in the mixture of 
50 cc. of extract in 100 cc. of sea water the heart is almost exhausted and 
no pulsation occurs. 

The result obtained from the extract of the tube-feet shows that the 
poisonous substance is found in a slight amount, which toxity corresponds 
to about one tenth of that shown by the stomach extract. 

In the extract prepared from a mixture of the digestive diverticula 
and stomach of oyster, the heart is excited greatly, but on the contrary'' 
in the adductor muscle extract, the pulsation is depressed remarkably. 
And in the extract prepared from the hearts (the tissue paste was diluted 
with sea water twenty times its own weight), the heart shows a slightly 
altered reaction at the beginning, but gradually restored to the normal state. 
When it was returned to the sea water, the heart pulsation became more 
vigorous. 

Why the toxity of the stomach extract in one species is stronger than 
in the others may be correlated with the difference of the prey on which 
they live. Asterias rollestoni , the most poisonous species, attacks the large 
Pelecypodal and Gastropodal molluscs while the least poisonous species 
most probably attack the smaller and more delicate molluscs. 

Asterias rollestoni , the most suitable species for the study of the starfish 
toxin, is found abundantly in the neighbourhood of the station and, in the 
near future we hope to report and discuss the nature of the toxin itself. 


Table I. 

Summarizing the results of the experiments. 


Class Species 

Organ 

Extracted 

Concent, 
of Ext. 

Toxic 

React. 

Remarks 

ECHINOIDEA 

j Intestinal tract 

1:15 


Fig. 5 

1) Strongylocentrotus sp. 




2) Echtnarachnius mirabilis 

i >• 

1:15 



3) Bunbuku-chagama (Heart urchin') 

: 

| 1:15 

_ 


7 


| Stomach 

1 1:15 

m i 

1 

ASTEROIDEA 

1) Asterias rollestoni 

i Tube-foot 

1:15 

! + ! 

12 

1 U 

1 Pyloric ca cum 

, 1:15 

- f I 

2) Patiria pectinifeia 

Stomach 

1:15 

+ 

! » 

3) Certonardoa semiregularis 

i 

> 1:15 

1 -? 

! :» 
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4) Asteropecten sooparius j »• 

1:15 

+f ! 

4 

6) Aphelasterias japonica 

1 •• 

1:15 

++ ! 

5 

HOLOTHUROIDEA 

1) Stichopus japonicus 

J Intestinal tract 

1:15 


8 

2) Cucumaria sp. 

i 

i " 

1:15 

- 

9 

3) Caudina chilensis 

• 

1:15 


10 


Digest, div. 

1:15 

j 

18 

Ostrea circumpicta 

Adduct muscle 

1:15 


14 


Heart 

1:2° ; 

— 

15 


SUMMARY. 

1. Observations were made on the effects of the extracts of the ali¬ 
mentary tracts of several forms of Echinodermata on the heart of the 
oyster. 

2. Among the five species of starfishes examined, the most powerful 
toxin is found in the stomach extract of Asterias rollestoni. 

3. Among the extracts prepared from the other tissues of Asterias 
rollestoniy that of the tube-feet gave slight toxic action. 

4. The concentration of the extract of Asterias rollestoni at which the 
toxic action appears on the heart was determined. 

5. The effects of the extracts prepared from the several organs includ¬ 
ing the heart tissue of the oyster were determined from the reactions 
shown by the heart of the same species, 
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The diverse views, which have been put forward by various investigators, 
in regard to the origin of the primordial germ-cells in vertebrate animals, 
are grouped into three categories by McCosh ('30), and into four by 
Heys ('31). Nevertheless, it appears to me that the views put forward 
in the field of birds may be grouped naturally in two main divisions, as 
follows: 

I. The germinal epithelium theory. 

Waldeyer ('70) first put forward the idea that in the chick the germ- 
cells arise from the cells of the germinal epithelium. Gatenby ('24) also 
advocates this theory in the case of Callus bankiva. In the case of the 
other classes of vertebrates, Semper (75), Balfour (77), MacLeod ('81), 
Hoffmann ('86), B6hi ('04), Allen ('04, '23), Gatenby ('16), Simkins 
('23, '24, '25, '28), Hargitt ('23, '25, '30 a, b, c), Obresiikove ('21), 
Papanicolaou ('25), Swezy and Evane ('30), and Simkins and Asana 
('30) may be named as supporters of the germinal epithelium theory. 
Gatenby ('23) states that it is indisputable that in the vertebrates below 
the mammals seasonal accessions of new germ-cells take place. 

II. The theory of early segregation. 

In the second division are grouped the views which show agreement 
in recognizing the early segregation of germ cells. Since, however, there 
are many different conclusions concerning the origin, history and the ulti¬ 
mate fate of the so-called primordial germ-cells, these may be categorized 
again into two subdivisions: viz. a) those which maintain that, besides the 
primary germ-cells, which arise by early segregation, there are secondary 
germ-cells, which are derived from the germinal epithelium, and b) those 
which maintain that the definitive germ-cells irise only from the early 
segregated primordial germ-cells. 
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a) Skmon ('87), D’Hollander ('04), and Firket ('14, '20) hold to the 
view that the primordial germ-cells in the fowl arise in the extra-embryonic 
regions and migrate into the gonads, but that many of them degenerate 
after their arrival in these, and most of the definitive germ-cells arise from 
the germinal epithelium. Von Berenberg-Gossler ('12, '14) states also 
that in the chick the primordial germ-cells, — though he doubts the true 
nature of these cells, — may form the definitive germ-cells, but these may 
also come from the cells of the genital ridge. In the other field of ver¬ 
tebrates, Feux ('06), Dustin ('07, '10), Winiwarter and Sainmont ('09), 
Kuschakewitsch ('10), Abramowicz ('13), Stieve ('27), Butcher ('28, 
'29), and McCosh ('30) recognize the secondary formation of germ-cells. 
Bouin ('01) states that in Rana the secondary functional germ-cells arise 
not only from the peritoneum, but also from the mesenchyme, of the 
genital ridge. 

b) Nussbaum ('80) first put forward the view that the definitive germ- 
cells are not in any case derived from the germinal epithelium, but are 
segregated in the extra-embryonic region in a much earlier stage of the 
embryo. Hoffmann ('92), Nussbaum ('01), and Rubaschkin ('07) found, 
in bird embryos possessing 22 to 23 somites, typical germ-cells in the 
entoderm and splanchnic mesoderm lateral to the coelomic angle, and in 
embryos older than those they found also typical germ-cells which had 
passed into the germinal epithelium, but they could recognize no secondary 
origin of the germ-cells. 

Swift ('14, '15, '16) asserted that in the chick the primordial germ- 
cells arise anterior and antero-lateral to the embryo in a specialized region 
of the germ-wall entoderm just at the margin of the area pellucida in the 
embryos from the primitive-streak to about 3-somite stage, that they are 
at first in the space between the entoderm and the ectoderm and then in 
the blood-vessels, and that they are at first carried by their own movement, 
but later by that of the blood, to all parts of the embryo and vascular 
area, where they remain generally distributed in this way until the embryo 
has about 20 somites. Reagan ('16) states that the extra-regional origin 
of the germ-cells in the chick inay be regarded as highly possible from 
the standpoint of the experimental proof, in which the germ-wall entoderm 
was extirpated in front of the primitive streak and no primitive germ-cells 
in the genital ridge resulted. 

Richards, Halpieu and Goldsmith ('26) traced the ova back to the 
primordial germ-cells, and believe that no proliferation of germ-cells occurs 
in the germinal epithelium. Goldsmith ('28), corroborating the work of 
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SWIFT, states that the primordial germ-cells arc of extra-embryonic origin 
and give rise to the definitive germ-plasm, and that no transformation of 
germinal epithelial cells into definitive germ-cells occurs. 

In the case of the other classes of vertebrates, Goette ('75, '90), 
Eioenmann ('91, '96), Wheeler ('99), Beard ('00, '02), Woods ('02), 
Allen ('06, '07 a, b, '09, '11 a, b), Rubaschkin ('08, '09, 12), Jarvis 
('08), King ('08), Dodds (10), Bachmann (14), Jordan (17), Okkelbekg 
('21), Richards and Thomson ('21), Reinhard ('21), Burns ('25), Hann 
('27), and Witschi ('29) are also supporters of the view which maintains 
the continuity between the primordial and definitive germ-cells. Wolf 
('31) states with reference to Platypoecilus maculatus that in the male the 
primordial germ-cells are the sole source of the definitive elements, but 
that in the female this is not the case hut that some of the cells of the 
germinal epithelium are transformed also into the ova. 

Tschaskin (10) states that in the bird embryo the germ-cells are first 
found in the somatic and splanchnic mesoderm, but he gives no information 
regarding the history of these cells. Woodgkr ('25) states that in the 
fowl there is no doubt about the continuity of the primitive germ-cells in 
the genital ridge with those in the splanchnic mesoderm of earlier stages 
and with the large cells of the blood-stream in still earlier ones, but he 
gives us no information about the ultimate fate of the primitive germ-cells. 

On a perusal of the papers concerning the birds, it appears that in 
the study of the development of the germ-cells three main questions arise. 
The first is what is the origin and early history of the so-called primordial 
germ-cells which are found in the forming genital ridge in the stage of 
about a 4-day incubation ? The second is whether the so-called primordial 
germ-cells will degenerate or not. The third is whether the definitive 
germ-cells will develop also from the cells of the germinal epithelium. Of 
course all the solutions must be proved not only histologically but experi¬ 
mentally if possible. 

Among many investigators who have traced the primordial germ-cells 
Goldsmith ('28) alone thoroughly studied the cells from the 12-hour 
embryo stage to that of the adult, his work, however, being much influenced 
by the observations of Swift. Both Swift and Goldsmith believe that 
the primordial germ-cells arise anteriorly and antero-laterally to the head 
fold during the primitive-streak stage, on the basis of identifying the germ- 
cells with the entodermal wander-cells of Dantschakoff ('08), which are 
said to bud off from the germ-wall entoderm anterior to the primitive 
streak. This view has been verified by Reagan ('16). 
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r rhe present study was undertaken in March, 1930, at the suggestion 
of Prof. Dr. E. Nomura, to whom I am greatly indebted for his valuable 
criticisms and helpful advice and to whom I wish to express my heartfelt 
thanks for his most kind revising the proof of this manuscript. I began 
the research of the origin and early history of the so-called primordial 
germ-cells merely to determine the answer to the first question stated 
above, and I found these germ-cells not in the area anterior to the emb¬ 
ryonic axis, but, as Eigenmann ('91) states in the case in Micrometrus , in 
the embryonic axis itself. I have, of course, to study this problem also 
experimentally, but as my histological investigation needed more time than 
I had expected, and the time available being limited, owing to my having 
soon to be called up for military service, I am obliged to publish this 
paper as a preliminary report without accomplishing the experimental part. 


MATERIALS AND METHODS. 

As materials for the investigation, the eggs of thoroughbred white 
Leghorns were mainly used, because of the high rate of the fertilized eggs 
of this species. Sometimes the eggs of black Orpingtons were also used. 
Both kinds were bred in my own poultry yard, the adults having been 
kindly presented to me by Mr. J. Tomoda and Mr. T. Mitsui, members 
of the Central Poultry Association, to whom I herewith express my thanks. 

In order to know when the eggs were laid, a number of trap-nests 
were used. The embryos of these eggs for the main part of my work 
were preserved at desired intervals of incubation from 10 hours to 4 days. 
Especially, the embryos younger than the one-somite stage were obtained 
at incubation intervals of one or two hours. Moreover, in addition to these 
stages, for the purpose of becoming familiar with the so-called primordial 
germ-cells in the developing gonad or genital ridge, I also studied embryos 
5J- days, 5 days, and 4£ days old. 

In general, special care was taken to determine the developing stages 
of the embryos. Those younger than the one-somite stage were distinguished 
according to the lengths of the primitive streak and notochord as well as 
the number of hours of incubation. In the case where the embryos were 
in the 1-somite to the 25-somite stages, the size of the embryo, the number 
of somites as well as the number of hours of incubation were referred to 
as the standards. In the stages where there were more than 25-somites, 
several morphologies of the embryo together with the number of hours of 
incubation were involved. Unusual embryos, either larger or smaller than 
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the normal, whenever met with, were not taken into account. 

In the course of my tests I found the Tomoda Petroleum Incubator 
well-adapted for keeping a constant temperature, viz. 104° j_- 1 C F. This 
incubator was presented to me by Mr. K. Chiba, a member of the Central 
Poultry Association, to whom I wish also to express my thanks. 

All the embryos used as specimens were studied in serial paraffin cross- 
sections, 5 micra in thickness, and were sketched or photographed for 
reconstruction before cutting. Moreover, in order to prevent loss of free- 
cells especially those in blood-vessels, while staining was being carried on, 
immediately after the removal of the paraffin in xylol, each slide was put 
in a celloidin solution to make a thin film over the sections. 

A few embryos were fixed with Bensley’s acetic-osmic-bichromate 
mixture, and to them two methods of staining were applied, one being 
anilin-acid fuchsin and methyl green, the other Bensley’s ('ll) copper- 
chrom-hematoxylin. To some materials, after fixation with Flemming’s 
fluid modified by Meves, iron-hematoxylin stain was applied. These three 
methods were suitable for embryos older than the 15-somite stage, as 
Swift ('14) states, but were useless in the case of the younger embryos, 
the nucleus and cytoplasm being obscured by numerous blackened yolk 
spheres in those stages. 

The materials were fixed by Swift’s method,- with a mixture of 
equal parts of 5 percent trichlor acetic acid and 5 percent corrosive sub¬ 
limate, and one part of them was stained with iron-hematoxylin and acid 
fuchsin, and the other with Auerbach’s fuchsin and methyl green. Some 
materials, after fixation with a mixture of equal parts of saturated picric 
acid and saturated corrosive sublimate, were stained with iron-hematoxylin 
and acid fuchsin, with Delafield’s hematoxylin and eosin, with Auerbach’s 
fuchsin and methyl green, or with picro-carmine. In the case of some 
materials, which were fixed with acetic sublimate, Delafield’s hematoxylin 
and eosin stain was used. Among these several methods, the iron-hema¬ 
toxylin and acid fuchsin stain after the picro-sublimate fixation was the best 
for embryos younger than the 15-somite stage. For very young embryos, 
the cells of which are rich in yolk spheres after from a 10-hour to an 
18-hour incubation, the picro-carmine stain was most effective. 

Table I was prepared to show at a glance the number of embryos 
used as specimens together with their age and the methods used for fixation 
and staining. 
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IDENTIFICATION OF THE PRIMORDIAL GERM-CELLS. 

It is very important to describe here the morphological characters of 
the so-called primordial germ-cells before entering on a description of my 
own observations. 

The most prominent criteria for the identification of the germ-cells are 
their size and shape. The germ-cells arc always round or oval in shape 
and measure 15 to 18 micra in diameter, and they are always larger than 
the somatic cells. They retain their size and shape, more or less, at least 
until the fourth or fifth day of incubation, even if the somatic cells become 
smaller as a result of their successive divisions. Sometimes these somatic 
cells may be also round or oval, though they are frequently stellate, 
flattened or elongated. 

The germ-cell nucleus is always spherical and vesicular and appears 
to he larger, measuring about 9 micra, and clearer than the somaticcell 
nucleus. It is always eccentric in position, being surrounded by cytoplasm, 
which is thinner on one side and thicker on the other. 

The presence of a large attraction sphere, situated on the thicker side 
of the cytoplasm and attached to the large nucleus, is also a prominent 
feature by which the germ-cells may be distinguished from the somatic 
cells, which show no trace of such spheres. “ Although my material ”, 
states Goldsmith ('28), “ does not show the attraction sphere as prominent 
as SWIFT figures it, it is nevertheless prominent enough for use* ”. As to 
my own material, in the early stages the attraction sphere was not some¬ 
times so prominent, but in the older stages, from 3 to 5J days, it was as 
prominent as Swift figures it. 

Most frequently one plasmosome, but sometimes two are found within 
the germ-cell nucleus, but their size and position are quite indeterminable. 
It is slated by Dodds ('10) that in the germ-cells of teleostei two small 
plasmosomes are found quite far apart from each other close to the nuclear 
membrane. 

Yolk material also is a characteristic constituent of the germ-cells. 
The latter contain sometimes more numerous or larger spheres than do 
the somatic cells, and in the later stages, even if the yolk contents decrease 
in amount, they still remain in the germ-cells long after they have dis¬ 
appeared from the somatic cells. 

In the chick embryo, the mitochondria of the germ-cells resemble those 
of the somatic cells and do not seem to be a suitable characteristic to 
distinguish the former cells from the latter. This is one reason why I 
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preferred the iron-hematoxylin method, and gave up the staining method 
for mitochondria. 

In conclusion, the only sure way to identify the germ-cells is to in¬ 
vestigate all the characteristics in combination, viz. the large size and round 
shape of the cells, the large size and vesicular condition of the nucleus, 
the presence of the attraction sphere, and the quality and quantity of yolk 
contents. 

PRIMORDIAL GERM-CELLS IN THE STAGES FROM THE PRIMITIVE- 
STREAK TO THE JO-SOMITE. 

(FROM 10 TO 30 HOURS INCUBATION\ 

The positions of the so-called primordial germ-cells are described in this 
paper, for convenience, in the order from the earliest stage to the more 
developed, though the actual tracing was in the reverse order, i. e. from 
the more developed stage to the earliest. 



Fi^ 1. Portion of the transverse section through 1-1 in log. 3. 
10-hour incubation. Picro-subhmate fixation ami pic ro-carmine stain. 
X 700 Photographed, ect ectoderm, me.-t meso-entoderm, pg primor¬ 
dial germ-roll, psl cell-mass of the primitive streak. 



Fig. 2. Portion of the transverse section through 2-2 in Fig. 3. 
10-hour incubation. Fixation and staining as 1 '“fore, x 7tK). Photo¬ 
graphed. Abbreviations as before. 


98 


T. MATSIJMOTO 


In the embryos after a 10-hour incubation, in which the primitive 
groove is not yet formed, the primordial germ-cells are found embedded 
in the meso-entoderm just lateral to the primitive streak (Fig. 1) as well 
as in the primitive streak itself (Fig. 2) and in the primitive plate. The 
distribution and the number of the germ-cells observed in one embryo of 
this stage are indicated in Fig. 3. Nearly the same arrangement can be 
seen even in embryos on a 12-hour incubation after the appearance of the 
primitive 4 groove. 

In the embryos in about the 14-hour stage, the primordial germ-cells 
are distributed mainly in the posterior half of the primitive streak, which 
is much elongated in this stage probably owing to the specially rapid 
lengthening of its anterior region (Fig. 4), and are found not only in the 
primitive streak and adjacent meso-entoderm, but even in the space between 
the ectoderm and meso-entoderm near the embryonic axis (Fig. 5). Thus 
some of the germ-cells become freed from the primitive tissues and pass 
into the segmentation cavity with the mesodermal cells. This movement 
ot the germ-cells, in my opinion, is probably not due to their active migra¬ 
tion, but to mutual displacement between the primitive tissues passive in 
its nature. It is also worthy of note here that my photograph, shown in 
Fig. 5. is quite different from, in spite of its resemblance to, Dantschakoff’s 
figure ('08, Fig. 1) which represents merely the germ-wall. 



Fig. 3. Schematic represen¬ 
tation of an embryo after a 10- 
hour incubation, x 30 Recon¬ 
structed. The primordial germ- 
cells observed are shown in 
black dots. 



Fig. t. Schematic representation 
of an embryo after a lt-hour incuba¬ 
tion x 30. Reconstructed. 
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PR 

Fix 5 Portion of the transvcise section through 
5-f> in Pig. L 1 i-hour incubation Picio-sublimate fixa¬ 
tion and picio-carmine stain. X 700. Photogiaphed. 
vet e< toiler hi, vat entoderm, mes mesodermal cells, fw 
primordial germ cell. 


In the embryos, after from a lb-hour to an 18-hour incubation, in 
which the head process is forming, the primordial germ-cells are easily 
distinguishable from the 
neighboring somatic 
cells because of a di¬ 
minution in their yolk 
contents and in the size 
of the somatic cells. 

Many of these germ- 
cells still in this stage 
are found in the cell- 
mass of the* primitive 
streak, near the bottom 
of the primitive groove 
(Fig. 6) or sometimes 
even in the primitive 
groove itself attached to 
the* bottom of it. This 
is probably due to a 
deepening of the* primi¬ 
tive groove. It is also 
noteworthy that in this 
stage the germ cells are 
confined to the middle 
portion of the primitive 
streak (Fig. 7), owing 
to the* addition of its 
posterior portion, while 
the shortening of its 
anterior portion has not 
yet begun. 

In the* embryos after 
a 20-hour incubation, 
the mesodermal sheet is 
thickly formed just late¬ 
rally to the cell-mass of 

the primitive streak, and some primordial germ-cells begin also to he found 
in it (Fig. 8). Hut even in the embryos after a 22-hour incubation, in 
which 8 or I pairs of somites have already been foimed, most of them 



Fig. (i. Portion of the transverse section through 
(y-H in Fig. 7. 1 H-hour incubation. Picio-sublimate fixa¬ 
tion, and if on-hematoxylin and at id fuchsin stain. -'7(H). 
Photographed, pg piimordial gerir-tell, pgi primiti\e 
groove. 
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Fig. 7. Schematic representation of 
an embryo after an 18*hour incubation. 
x20. Reconstructed. 


still maintain their position in the 
regions of the primitive streak. 

In 1908 certain large cells in 
the chick embryo which resemble 
the germ-cells were described by 
Dantschakoff. According to her, 
these cells appear at first in groups 
in the space between the ectoderm 
and germ-wall entoderm anterior to 
the formation of the embryo, during 
the stages from the primitive-streak 
to the 3-somite, before mesodermal 
tissue spreads into this region. 
They are large, containing a round 
nucleus and an abundance of yolk, 
and are specially characterized by 
their amoeboid properties. Because 
of this tendency she called them 
the entodermal “ wander-cells ”. 
These cells enter the mesoderm 
and forming blood¬ 
vessels, and, either by 
their own amoeboid 
powers or aided by 
the vascular circula¬ 
tion, penetrate into 
every part of the 
embryo and area vas- 
culosa. Some of these 
entodermal wander- 
cells, leaving the 
blood-vessels by dia- 
pedisis, enter the 
embryonic tissues and 
then degenerate. 
Some undergo a simi¬ 
lar fate in the blood¬ 
vessels themselves, 
and by the time the 



mes pg ent 


Fig. 8. Transverse section through the primitive streak 
of an embryo after a 20-hour Incubation passing its posterior 
one-fourth, to show the primordial germ-cells in the meso¬ 
dermal sheet just lateral to the embyronic axis. Picro-sub- 
limate fixation, and iron-hematoxylin and acid fuchsin stain, 
x 700. Photographed, ect ectoderm, ent entoderm, mes 
mesodermal sheet, pg primordial germ-cells, pst primitive 
streak. 
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embryo has 22 somites nearly all disappear. Although the fate of those 
which do not degenerate is unknown, yet she believes that they have no 
share in tissue formation at all. 

“ These entodermal wander-cells of Dantschakoff ”, states Swift ('14), 
“ are in reality the primordial germ-cells of the chick. There is a close 
agreement as far as origin is concerned, for I also find that the germ-cells 
originate from certain cells of the germ-wall entoderm near its junction 
with the area pellucida. I find also that they are produced during the 
primitive-streak stage, and in the embryo possessing at least 8 somites 
Thus Swift describes only the agreement between the germ-cells and the 
entodermal wander-cells, without giving any information of the results of 
his direct observation except the lines, “ That these particular germ-wall 
entodermal cells are producing the primordial germ-cells, is proven by the 
fact that in the primitive-streak stage, before the appearance of mesoderm 
anterior to the embryo, the germ-cells are grouped in the space between 
entoderm and ectoderm in this immediate neighborhood; the germ-cells 
cytologically are very similar to the cells of the germ-wall near its border; 
mitoses are also seen in these cells ”. 

“ The primordial germ-cells ”, states also Goldsmith ('28), “ are first 
to be seen in the embryo during the primitive-streak stage. They are to 
be found at the outer edge of the proamnion, just at the margin of the 
zone of junction, anterior and antero-lateral to the head fold. They bud 
off from the inner portion of the entoderm and are found in the proam- 
nionic area within the space between the entoderm and ectoderm before 
the mesoderm arises ”. As his primordial germ-cells, two cells are shown 
in his figures which represent the incubation stages of from 14 to 16 
hours, one showing amoeboid characters and the other being in division. 
This sort of identification, however, appears to me to be very doubtful, for 
in my own materials all the so-called primordial germ-cells either in the 
primitive streak of the embryos after incubation from 14 to 16 hours or 
in the genital ridges of the embryos after incubation from 4 to 5 days 
never showed amoeboid characters, and it is so difficult to determine 
whether the cells in division are germ-cells or not, that these cases were 
omitted in my count of the* number of germ-cells, a statement in relation 
to which will be found later. Again, in my observations, the entodermal 
wander-cells never contain attraction spheres and are also found even in 
the embryos of the 16-somite stage. Moreover, according to Swift and 
Goldsmith, the primordial germ-cells are produced in the germ-wall in 
front of the primitive streak during the primitive-streak stage and until 
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the embryo possesses at least 3 pairs of somites. But in my observations, 
also using embryos of similar stages as specimens, the primordial germ- 
cells are found confined to the region of the primitive streak. From these 
points I confess that I cannot believe that the entodermal wander cells of 
Dantschakoff can be identified with the primordial germ-cells. It may 
be stated here that Eigenmann ('91) found the germ-cells in cross sections 
of a teleost fish through the anterior part of the embryonic axis before 
any proto-vertebrae were outlined, and according to Dodds ('10) the germ- 
cells are found in Lophius along the mediam line of the embryo proper 
in the earliest stages, in which the blastoderm has not yet covered half 
the yolk, and the formation of the embryo has only just begun. 

At about the stage of the possession of 5 pairs of somites, after about 
a 23-hour incubation, the anterior end of the primitive streak begins to 
shorten as the embryo grows older. Consequently, the primordial germ- 
cells become distributed in the anterior half and adjacent region of the 
primitive streak (Fig. 10), and are found even in the basal cell-mass of 



Fir. 9. Transverse section through the basal cell-mass 
of the head process of an embryo after a 24-hour incubation, 
passing 9-9 in Fig. 10. Fixation and staining as before. 

> 700 Photographed, ect ectoderm now transforming into 
the posterior region of the medullary plate, hp cell mass of 
the head process, mes right mesodermal sheet, pg primordial 
germ-cell. 

the head process, mingled with the mesodermal and ectodermal cells 
(Fig. 9) ; Jjjie latter cells are now forming the posterior portion of the 
medullary plate. 

In the embryos which have 8 to 10 pairs of somites, after from a 26 
to 30-hour incubation, nearly all the primordial germ-cells are forced aside 
from the anterior portion of the primitive streak into the adjacent meso- 
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Fig. 10 Schematic representation of 
an embryo after a 24-hour incubation (6- 
somite stage) x 20 Reconstructed. 



Fig. 11. Schematic representation of 
an embryo after a 26-hour incubation (H- 
somite stuge). x2(). Reconstructed. 


dermal sheet owing to the displacement of the primitive tissues. The 
foremost ones then become contained in the mesodermal sheet, which is 
just caudal to the last somite (Fig. 11) and now has a loose appearance 
in sections, being situated a little remote from the proximal portion of the 
head process (Fig. 12). 

As a brief summary of this chapter, it may be stated that the pri¬ 
mordial germ-cells, which are found in the middle and posterior region 
of the primitive streak as well as in the primitive plate in the stage of 
a 10-hour incubation, are gradually transported with the lapse of time 
to the middle region, then to the anterior region, and finally to the meso¬ 
dermal sheet owing to the displacement of the primitive tissues, but not 
to their active movement; and that in the 8 or 10-somite stage nearly all 
the primordial germ-cells are distributed in the mesodermal sheets just 
lateral to the embryonic axis and just caudal to the last pair of somites. 

From the facts above stated it may be presumed that the primordial 
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Fig. 12. Transverse section through the proximal portion of the head process 
of an embryo after a 26-hour incubation, passing 12-12 in Fig. 11, to show a primor¬ 
dial germ-cell in the left mesodermal sheet. Its position is a little remote from the 
embryonic axis. Picro-sublimate fixation, und iron-hematoxylin and acid fuchsin stain. 
x7(X). Photographed, ret ectoderm, rnt entoderm, men mesodermal sheet, /^primordial 
germ-cell 

germ-coils are localized in the posterior region of the germ-ring in the 
stage prior to a 10-hour incubation, and are transported to the primitive 
streak probably as a result of the confluence movement of tissue materials. 

PRIMORDIAL GERM-CELLS IN THE STAGES FROM 
A 33-HOUR TO A 4-DAY INCUBATION. 

In the stage of a 33-hour incubation, the number of somites increases 
to 12 pairs, and the vitelline arteries are forming laterally to the dorsal 
aortae just in front of the anterior termination of the region where the 
primordial germ-cells are distributed, and even in this “ germ-cell region ” 
the mesodermal sheets begin to divide into the somatic and splanchnic 
mesodermal layers. In this stage the germ-cells begin to be found in 
some numbers in the mesodermal sheets being carried outwards from the 
positions which they formerly occupied, owing mainly to the lateral exten¬ 
sion of the median portion of the mesoderm (Fig. 13). In this stage, 
however, some of the more posterior germ-cells may also he still found 
even in the basal and adjacent portion of the head process. 

In the embryos in the 16-somite stage after a 38-hour incubation, in 
which the separation of the mesodermal layers is more or less spread 
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Pig. 13 Schematic dorsal view of an 
embryo after a 33-hour incubation 02-somite 
stage) to show the distribution of primor¬ 
dial germ-cells x15 Reconstructed. 



Fig. 14. Schematic dorsal view of an 
emb»yo after a 38-hour incubation (Jfi-somito 
stage) to show the distribution of piimor- 
dial germ-cells. xl5. Reconstructed 


towards the embryonic axis, and the somite formation begins to proceed 
even in the germ-cell region posterior to the forming vitelline arteries, 
the distribution of primordial germ-cells appear to be nearly the same as 
that in the 12-somite stage (Fig. 14), still being found inside the coelomic 
angle, where the somatic and splanchnic mesoderms are continuous with 
the intermediate cell-mass or with the undifferentiated median portion of 
the mesodermal sheet (Fig. 15). 

In the embryos in the 20-somite stage after a 12-hour incubation, the 
position of the primordial germ-cells becomes further remote from the 
embryonic axis, and on either side of the body, as the coelomic angle 
proceeds or the separation of the mesodermal layers spreads towards the 
axis, most of the primordial germ-cells are forced to occupy a position 
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Fig. 15. Portion of the transverse section passing the anterior portion of the 
germ cell region just through 15-15 in Fig. 14. 118-hour incubation. Picro-sublimate 
fixation, and iron-hematoxylin and acid fuchsin stain, x 700. Photographed. This 
photograph shows in fact the tissues on the right side of the embryo, but not on the 
left, co coelomic angle at present, ert ectoderm, ent entoderm, pjt primordial germ- 
cells in the right mesodermal sheet, snm somatic mesodeim, spl splanchnic mesoderm. 

either in the somatic mesoderm or in the splanchnic mesoderm adjacent to 
the respective coelomic angle, while some still remain in the mesodermal 
sheet (Figs. 16 and 17). Consequently in this stage, in the anterior portion 
of the germ-cell region most of the primordial germ cells are found in 






Fig lfi A Portion of the transverse section thiough 1(5 16 in Fig 18. 42-hour 
incubation. Fixation and staining as before. x200. Photographed. Abhr. see B. 
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Fig. 16 B. The same as A. x700. Photographed, a right dorsal aorta, c coelom, 
pg primordial germ-cell still in the mesodermal sheet, a somite. 


the neighborhood of the coelomic angle and in the mesodermal layers, 
though they are more numerous in the splanchnic mesoderm than in the 
somatic mesoderm. In the posterior portion most of them are still contained 


PR 



Fig. 17. Portion of tho transverse section through 17-17 in Fig. 18 42-hour in¬ 
cubation. Fixation and staining as before. x700. Photographed. The separation of 
the mesodermal layers is still spreading toward the embryonic axis, c coelom, ect 
ectoderm, ent entoderm, mea right mesodermal sheet, pg primordial germ-cells, som 
somatic mesoderm, spl splanchnic mesoderm. 

in the mesodermal sheet in which the separation of the layers has not yet 
been completed (Fig. 18). 

SwiFr ( r 14) observed in an embryo with V.) pairs of somites that the 
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primordial germ-cells are found in the blood vessels, in the large as well 
as in the small channels both of the area vasculosa and embryo proper, 
and are present even in the heart and aortae, possessing amoeboid pro¬ 
cesses in nearly all cases. “The stages of 16, 12 and 10 somites respec¬ 
tively,’* states Swift, “ may be passed rapidly since they present nothing 
essentially different from the 19 somites embryo as far as either the 
distribution or form of the germ cells is concerned. Thus, the latter are 
found in the area vasculosa and in the developing vascular structures of 
the embryo proper. In the embryo possessing 12 somites, one germ-cell 
in particular is found in the heart.” 

Von Berenberg-Gosslek ('14) confirms Swift’s statement by his own 



Fin- 18 Schematic dorsal view of the 
posterior embryonic body after a 24-hour inru- 1^ Schematic ventral view 

bation (20-somite stage). X25 Reconstructed. the germ-cell region in the stage 

lea innermost limit of the coelomic angle form- a 50-hour incubation, v 50 Re¬ 
ed at present White dots indicate germ- constructed, lea innermost limit of 

cells which show a tendency to be contained the coelomic angle traced in this 

or are contained already in the somatic meso- stage 

derm, while black dots indicate those which 
show a tendency to be contained or are con¬ 
tained already in the splanchnic mesoderm 

observation and states that the primordial germ cells appear within the 
vascular channels in the chick embryo prior to the 25 somite stage. Gold¬ 
smith ('28) also states that no primordial germ-cells can be found in the 
embryo proper during the period up to about a 33-hour incubation, in 
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about the 12-somite stage, although they are relatively common in the 
extra-embryonic region. 

Thus according to Swift, von Bekenberg-Gossler and Goldsmith, even 
in the 20-somite stage mentioned above, the primordial germ-cells ought 
to be found also only in the blood-vessels or in the space formed in the 
extra-embryonic region, but in fact, in no embryo investigated by the present 
writer was such a case encountered. 

In the embryos after a 50-hour incubation, the primordial germ-cells 
are also found in the splanchnic mesoderm in greater numbers than in 
the somatic mesoderm (Figs. 19 and 20) though a small number remain 
inside the coelomic angle which is now fully formed; in some cases they 
may be found in the splanchnic mesoderm at some distance from the 
coelomic angle. In fact, Hoffmann ('92), Nussbaum ('01), Swift ('14), 
Goldsmith ('28) and others, nearly all who support the theory of early 
segregation in birds, in reference to the stages later than those of a 45- 

som 


ca 


spl 
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Fig. 20. Portion of the transverse section through 20-20 in Fig. 19. 50*hour 
incubation. Picro-sublimate fixation, and iron-hematoxylin and acid fuehsin stain x 700. 
Phot graphed, a right dorsal aorta, ca coelomic angle, itm intermediate cell-mass, 

PK primordial germ-cell, som somatic mesoderm, spl splanchnic mesoderm. 

hour incubation prior to the formation of the genital ridge, state that the 
primordial germ-cells are found gathering in the splanchnic mesoderm; 
and in addition to this Swift and Goldsmith assert that some still remain 
in the blood stream. Indeed, at this stage, the present writer also met 
with two cases of the presence of a large cell in the blood-vessel, one in 
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a small channel and the other in the dorsal aorta (Fig. 21). These large 
cells are exactly identical with the primordial germ-cells, and these are 
the only cases met with in the course of his observations. It is quite 
possible therefore that some primordial germ-cells may issue by chance 
from the splanchnic mesoderm together with the endothelial cells and enter 
the blood stream. 


itm som 



Fig. 21. Portion of tlie transverse section through 21 21 in Fig 19. 50-hour 
incubation. Fixation and staining .is before. x700. Photographed Ahhrex i.itions as 
before. 

In connection with the stages of from a 38-hour to a 50-hour incuba¬ 
tion, it may be stated here that the germ-cell region gradually extends 
anteroposteriorly with the increase of length of the embryo. In all 

embryos, however, the anterior extent 
is always exactly coincident with the 
posterior border of the pair of vitelline 
arteries, while the posterior limit appears 
to be almost coincident with the caudal 
end of the developing dorsal aortae 
(Figs. M, 18 and 19). 

After a 60-hour or a 2^-day incuba¬ 
tion, the blastocoelic space in the em¬ 
bryos is almost filled with mesenchymal 
cells not only in the body wall situated 
dorsally to, but even in the walls of the mid-gut situated ventrally to, the 
coelomic angles, which stand apart from each other forming at that time 



Fig. 22. Combined schematic pos- 
terioi view of the transverse sections: 
the left side of the chain line through 
24-24, and the right side through 23- 
23 in Fig. 29 A 60-hour incubation, 
y 50. 
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a wide radix mesenterii between them ; and the dorsolateral walls of the 
mkl*gut, which may now be called the splanchnic plates, are spread nearly 



Fig. 23. Portion of the transveise section through 23-23 in Fig. 29 A, just show¬ 
ing the lectangle 23 in Fig 22. HO-hour incubation Picio-sublimate fixation, ami iron- 
hematoxylin and arid fuchsia stain. x 7<)0 Photographed, r c oelom, ent entoderm, g 
mid-gut, rn right dorsal aorta, pp piimordi.d germ-cell, som somatic mesoderm, spl 
splam hnic mesoderm 

horizontally (Figs. 22 and 29 A). The posterior end of the dorsal aorta 
goes far beyond the posterior extent of the* germ-cell region, and in this 
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Fig. 24. Portion of the transverse section through 24 24 in Fig. 29 A, just show¬ 
ing the rectangle 24 in Fig. 22. tiU-hour incubation. Fixation and staining as before. 
x700. Photographed, la left dorsal aorta. Other ihl»ieviations as before. 
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region 8 pairs of fully distinguished somites may be counted. In this 
stage too, most of the primordial germ-cells still maintain their position 
in the mesodermal layers, both somatic and splanchnic, and in sites of the 
coelomic angles (Figs. 23 and 24). Swift ('14) also observed and describes 

similar conditions. “ In embryos with 30 
to 33 somites the primordial germ-cells 
are in the radix mesenterii and coelomic 
epithelium on both sides of the coelomic 
angle. They remain in this position until 
the formation of the gonad begins, when 
they gradually pass into that organ.” 

Kin- 25. Schematic transverse Moreover it is worthy of note that the 

section through 25-5 in Fig. 29 B. surface of the somatic as well as the 

72-hour incubation. x50. pg pri- . splanchnic mesoderm towards the blasto- 
mordial germ-cells. coelic space becomes obscure because of 




the liberation of the 
mesenchymal cells which 
may also accompany the 
germ'cel Is. 

In fact, in the em¬ 
bryos after a 3-day in¬ 
cubation, the primordial 
germ-cells are scattered 
even in the mesenchymal 
spaces, sometimes ad¬ 
jacent to the entoderm, 
but they are found most 
frequently in the space 
adjacent to the coelomic 
epithelium, which is now 
beginning to he distin¬ 
guished clearly from the 
mesenchyme (Fig. 27), 
and contains also many 
primordial germ-cells 


Fig. 26. Portion of the transverse section through 
26-26 in Fig. 29 B. 72-hour incubation. Pirro-subli- 
mate fixation, and iron hematoxylin and acid fuchsin 
stain. x700. Photographed, c coelom, In left dorsal 
aorta, pg primordial germ-cell in forming genital ridge. 


(Fig. 26). In this stage, 
the radix mesenterii be¬ 
comes so much narrower 
than that of the 2.J-day 
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stage, that the primordial germ-cells on both sides of it are drawn nearer 
in comparison with their position in the latter stage (Figs. 29 A and B) 
and the dip of the splanchnic plates becomes acute or nearly vertical (Fig. 
25), especially in the posterior half of the germ-cell region where there 
appears a transition to the hind-gut (Fig. 27). In the germ-cell region 
also 8 pairs of well-defined somites are present. The vast majority of the 
primordial germ-cells are found in this stage on the site of the outer 
angles of the radix mesenterii, being equally distributed on the dorsal and 
ventral sides of it, even though some may be found in the splanchnic plate 
considerably apart from that region. As to the presence of so many 
primordial germ-cells equally on both sides of either angle of the radix 
mesenterii, in stead of being present in the slanchnic mesoderm in greater 
number than in the somatic mesoderm, as stated in connection with the 
50-hour stage, I am of opinion that the original coelomic angle undergoes 
a slight displacement dorsal wards towards the mesonephros or its duct 
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Fig. 27. Portion of the transverse section through 27-27 in Fig. 29 B 72-hour 
incubation. Fixation and staining a* before, x 700. Photographed, g mid-gut, m right 
dorsal aorta, som somatic peritoneum. Other abbreviations as before. 

along with the tissues representing a narrow proximal portion of the 
splanchnic mesoderm of the early stages and disappears. Consequently, the 
present angle of the radix mesenterii is not in any case the original coelomic 
angle but is a new formation which is occasioned in the original tissue 
of the splanchnic mesoderm where the richest ot primordial germ-cells are 
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present. Moreover, I may mention here that in my observations of an 
embryo in this stage I succeeded in finding a few primordial germ-cells 
in the mesenchyme between the dorsal aorta and the Wolffian duct which 
is remote from the future genital ridge (Fig. 28). These cases are in my 
opinion due to the occasional presence of the primordial germ-cells in the 
original intermediate cell-masses. 


lev pr la 
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Hr. 28. Portion of the transverse section through 28-28 in Fig. 29 H, to show 
a primordial germ-cell in the mesenchymal space between the dorsal aorta and the 
Wolffian duct. 72-hour incubation. Fixation and staining as before. ^ 700 . Photo¬ 
graphed. lev left posterior cardinal vein, md left Wolffian duct Other abbreviations 
as before. 

In the embryos in the dj-day stage, 9 pairs of definitely-formed somites 
may be counted in the germ-cell region ; the mesentery is forming with 
the progress of the downward movement of the mid gut entoderm; the 
sulwardial veins are distinctly formed; and the union of the left and 
right dorsal aortae is completed in the anterior portion of the germ-cell 
region, even though sometimes longitudinal septa are found between them 
in its posterior portion. Moreover, in this stage the so-called genital ridge 
is forming on either side of the radix mesenterii (Figs 30 and 31). In 
reality, from my own observation, the tissue of the genital ridge at this 
stage covers not only the bulge just lateral to the outer angle of the radix 
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Fig. 29. Schematic ventral views of the germ-cell region at different stages, to 
show the interrelation between positions of arteries, veins, primordial germ-cells and 
radix mesenterii. x 50. Reconstructed. Since the germ cell region is curved in these 
stages being effected bv the downward curvature of the caudal portion of the embrvo, 
the projection of the antero-posterior extent of the germ-cell region is shown in this 
figure somewhat shor‘er than that in Fig. 19. in which it is not yet curved. 

A. 60-hour stage Distances of primordial germ-cells from the coelomic angle are 
distinguished for convenience by different dots, black ones showing those which 
are placed relatively near the coelomic angle, and white ones those which are 
placed relatively far from the coelomic angle. White dots with nucleus denote 
the primordial germ-cells which are found in the mesenchymal space adjacent to 
the dorsal aorta and mesonephros or its duct. / - ra left and right dorsal aortae, 
l _ r l cn li nt .s which denote the left and right coelomic angles, llca-rlcn radix 
mesenterii. / — rpcv left and right posterior cardinal veins. 

B. 72-hour Stage. Relations between dots and distances arc the same as in A, but 
in this case the coelomic angles have already disappeared, so that the coelomic 
angle means the outer angle of the radix mesenterii. The number of black dots 
is increased owing to the displacement and disappearance of the original coelomic 
angle, because this accompanies also the displacement of the original splanchnic 
tissue which contains many primordial germ-cells. Abbreviations as before. 

C. 84-hour stage. Black dots denote the primordial germ-cells found in the forming 
genital ridge, white dots those in the forming mesentery, and white dots with 
nucleus those in the mesenchymal spuce adjacent to the dorsal aorta and the 
mesonephros or its duct, a united dorsal aorta, l — rsev left and right subcardial 
veins. Other abbreviations as before. 
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mesenterii, but even the portion of the mesentery just ventrally situated 
to it, this statement being supported by the similarity of tissue appearance 
and by the presence of abundant primordial germ-cells (Fig. 32). In my 

opinion, as already stated, the tissue of the 
genital ridge is originally that of the splanchnic 
mesoderm which is displaced passing over the 
original coelomic angle and becoming adjoined 
to the innermost somatic mesodermal tissue. 
This tissue also contains primordial germ-cells, 
though the number is less than that in the 
splanchnic mesoderm. The original coelomic 
angle is involved in the surface of the bulge of 
the genital ridge as it is forming. 

In the embryos in the 4 day stage, 10 pairs 
of clearly defined somites are counted in the 
germ-cell region ; the union of the dorsal aortae 
has been completed and the genital vein has 
been distinctly formed inside the respective 
genital ridge. The tissue of the genital ridge 
remains still covering the dorsal or proximal 

Pgg gr am pgm 



Fig. 31. Portion of the transverse section shown in the rectangle of Fig 30. 
84*hour incubation. Picro-sublimate fixation, and iron-hematoxylin and acid fuchsia 
stain. x700. photogiaphed. am left outer angle of the radix mesenterii formed 
amidst the surface of the forming genital ridge, c coelom, gr fonning genital lidge, 
m forming mesentery, pgg primordial germ cell already in the site of genital ridge, 
pgm same contained in the mesenchyme of mesentery. 



Fig. 30. Portion of a 
transverse section through 
the anterior portion of the 
germ-cell region. 84-hour in¬ 
cubation. x 50. a dorsal 
uorta. c coelom, g mid-gut, m 
mesentery, pcv posterior car¬ 
dinal vein, see subeurdinal 
vein 
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Fig. 32 Portion of a transverse section through the posterior portion of the 
germ-cell region. 84-hour incuhution. Fixation and staining as before. x700. Photo¬ 
graphed. r coelom, gr forming genital ridge, / ram left and right outer angles of 
the radix mesenterii. m forming mesentery, pg primordial germ-cell contained in the 
tissue of genital ridge covering the forming mesentery. 



Fig. 33. Schematic i epresentation of a 
portion of the transverse section through 
the foremost portion of the germ-cell region 
adjacent to the vitelline artery. 98-hour 
incubation x50 a dorsal aorta, gr genital 
ridge, gv genital vein, tnr mesonephric 
region pcv posterior cardinal vein, rm ladix 
mesenterii, scv subcardinal vein va vitelline 
artery. 



Fig 31 Portion of the trans\erse sec¬ 
tion just showing the rectangle in Fig. 33. 
96-hour incubation. Picio-sublimate fixation, 
and iron-hematoxylin and acid ftichsin stain, 
x 7(X). Photographed, c coelom, gt genital 
ridge, gv genital vein, pg primordial germ-cell 
in the gt.*ital ridge. 
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surface of the mesentery in the major posterior portion of the germ-cell 
region (Fig. 35), but in the foremost portion adjacent to the vitelline artery 
the whole tissue has already passed over the outer angle of the radix 
mesenterii and is laid laterally along it (Fig. 33). 



Fig. 35. Portion of a transverse section through the posterior portion of the 
germ-cell region. 96-hour incubation. Fixation and staining as before, x 350. Photo¬ 
graphed. a dorsal aorta, c coelom, / — rca left and right outer angles of the radix 
mesenterii, m mesentery, pgd primordial germ-cell in division in doubt, pgtid primordial 
germ-cells in the mesenchyme dorsal to the radix mesenterii, pgm the same in the 
mesentery. 

In both the 3|-day and 4-day stages, the primordial germ-cells are 
found in great abundance both in the epithelium and in the adjacent 
mesenchymal spaces (Figs. 31, 32, 34 and 35), but sometimes they are 
also found in the mesenchyme situated dorsaily to the radix mesenterii 
(Fig. 35). The latter cases are, in my opinion, due to the dorsalwards 
displacement of the mesenchymal tissue, which was placed formerly in the 
dorsal portion of the mesentery, accompanied by the displacement of the 
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BMJNwr «Kr,jUh ^Mining genital ridge. In the mesentery also' are found *. 
mjppwrpiL germ-cells, dm site* of which ere at a considerable distance 
Ite* fn^meqwderfc These cells are probably those which underwent 
father taoVetnent when the mesodermal sheet extended laterally, as pointed 
Oat in connection With the 50-bour stage. Thus, up to these stages, 1 
th fair', the primordial germ-cells never change their position by their own 
active mignfetioifc, hut are moved to their position passively by the displace¬ 
ment of th£ tissues containing them. 

Again, in * brief summary of this chapter, it may be mentioned here- 
thafclhn primordial germ-cells, which were distributed in die mesodermal 
sfeeef during the earlier stages of the embryo, move somewhat further 
outward from the embryonic axis while the median portion of the meso¬ 
dermal sheet continues to extend laterally, and when the mesodermal sheet 
divide, a larger number of them are eventually contained in the splanchnic 
mesoderm mid a smaller number in the somatic mesoderm. In about the 
3§-day stage, die tissues, both epithelium and mesenchyme, which were 
original^ those of the splanchnic mesoderm, begin to be displaced dorsal- 
wards together with those containing the primordial germ-cells and become 
adjoined to those of the somatic mesoderm. Thus the development of the 
genital ridge begins. As to the destination of those primordial germ-cells 
which are found in places at a considerable distance from the genital 
ridge, I am unable to say anything at present. 

Finally, as may be seen from my statements given above, I could find 
no evidence in the chick embryo in support of either the gonotome theory 
which was held by ROckert ('88) and van Wuhe ('89) in reference to 
selachia and was supported by Hall ('04), Spehl and Polus ('12), Scha- 
prrz ('12), Champy ('13), and Beccari ('22) all in reference to amphibia, 
or of the entoderm theory as observed by Beard ('00, '02) in selachia. 
and Fetromyzon, by Allen ('09) in Amia, and by Kohno ('25) in Homo . 


NUMBER OF THE PRIMORDIAL GERM-CELLS 

Some investigators have made statistical studies in regard to the number 
of the so-called primordial germ-cells during the early stages of vertebrate 
development. Eigenmann ('96) in Cymatogaster and Beard ('02) in Raja 
and other animals agree absolutely on the point that for a long period 
in the early development of the embryo, the sex-cells do not divide, die 
number remaining constant with the exception of the degeneration of a 
toy few. ALLEN ('07) eking these two investigators states that no figures 
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of mitoses are observed in the sex-cells of the embryo of Chrysemys longer 
than 2.8 mm. in total length, and the first clear indications of their division 
are found in the embryo which has a body length of 10 mm., though some 
cases where there has been no division may be found even in stages later 
than this. Later Allen ('09) states again in the work on Amia and 
Lepidosteus that “ the absence of indications of cell-divisions, during the 
migration process, is characteristic of the sex-cells of all vertebrates studied.” 
Dodds ('10) states in the study of Lophius that u the ‘ period of rest ’ of 
the germ-cells begins before the separation of the mesoderm and continues 
until after hatching.” Recently Wolf ('31) has also pointed out that there 
is a constancy in the number of germ-cells in the early stages of Platy - 
poecilus. 

In order to know whether the primordial germ-cells multiply or not 
in the early stages of the chick embryo, 1 made a careful count of their 
number in 25 embryos at 15 different stages, while I was determing their 
distribution. Some plottings of these have already been shown in Figs. 
3, 4, 7, 10, 11, 13, 14, 18, 19, and 29, each figure being prepared from 
each single individual. It is quite evident, however, that the number and 
arrangement of the germ-cells are never alike in different individuals even 
of the same age, as may he seen in Table 2. 

In Table 2, the number of germ-cells given is that of two different 
individuals in the earlier stages and of one only in the later stages. I 
also met with many mitotic figures of probable germ-cells in all and 
especially in later stages, but these cases were all omitted from the count, 
because of difficulties in distinguishing them from somatic cells in division. 

Table 2. 


Hours of 
incubation 

10 

12 

1-1 

10 

! 

18 

24 

No. of Fig. 

* 


4 j 


7 

10 

No. of the primor¬ 
dial germ-cells ob¬ 

10 

1.1 

19 

17 

19 

21 

served. 

9 

8 

12 

1C, 

no 

18 


20 
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88 

42 

50 

>00 

72 

84 j 

96 

11 

1.1 

14 

18 

19 

29 A 

29 B 

‘1 

29 e 


26 

81 

38 

54 

115 

166 

214 

299 

421 

25 

.14 

40 

46 
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The apparent increase in the number of germ-cells, which Table 2 
reveals, may be due to some difficulty of observation especially in the 
early primitive-streak stage, as Dodds ('10) states that “ the apparent 
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increase, daring certain early stages, is due to changes in the germ-cells 
which make them recognizable.” Nevertheless, in conclusion from the 
general tendency which my data suggest, I may give it as my view at 
present, that a gradual multiplication of germ-cells may he continued in 
the chick embryo even in the stages of from a 10-hour to a 1-day incuba¬ 
tion, and even if this is not the case in other animals. 

Swift ('14) and Goldsmith ('28) have also observed the mitotic figures 
of primordial germ-cells in the early stages of the chick embryo, but in 
the vascular channels, so that these cases are of course outside the scope 
of my argument. 


SUMMARY. 

In this study of the chick embryo during the stages of from a 10-hour 
to a 4-day incubation, the original position and path of movement of the 
so-called primordial germ-cells have been discovered. The results arrived 
at are quite different from those put forward by Swift and Goldsmith. 

1. The posterior margins of the germ-ring are suggested as the original 
situation of the primordial germ-cells in the stages prior to a 10-hour 
incubation. 

2. The primordial germ-cells are found in the posterior portion of 
the primitive streak including the primitive plate, during the stages of 
from a 10-hour to a 1 1-hour incubation. 

3. They are transported anteriorly together with the cell-mass of the 
primitive streak with the increase in lentgh of its posterior portion, during 
the stages of from a 10-hour to a 22-hour incubation. 

\. The primordial germ-cells reach their position in the anterior portion 
of the primitive streak with the progress of its anterior shortening, during 
the stages of from a 23-hour to a 26-hour incubation. 

5. They are given off into the median portion of the lateral mesoder¬ 
mal sheet while it is forming on either side of the head process, during 
the stages of from a 26-hour to a 30-hour incubation. 

6. When the lateral mesodermal sheet separates into two mesodermal 
layers, a larger number of the primordial germ-cells are arranged in the 
splanchnic mesoderm, and a smaller number in the somatic mesoderm, 
during the stages of from a 33-hour to a 50-hour incubation. 

7. While mesenchymal tissue is forming, a larger number of primor¬ 
dial germ-cells are again liberated into the spaces of this tissue which are 
adjacent to the coelomic epithelium. The tissue then contains merely the 
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remaining small number oC germ-cells and is beginning to be distinguished 
from the mesenchymal tissue, during the stages of from a 60-hour to a 
72-hour incubation. 

8. Both the mesenchyme and coelomic epithelium, which were origi¬ 
nally part of the splanchnic mesoderm, contain a vast majority of the pri¬ 
mordial germ-cells. These tissues begin to displace dorsalwards, passing 
over the outer angle of the radix mesenterii, and adjoin those of the 
oringnal somatic mesoderm which also contains many germ-cells. Thus, 
the genital ridge begins to form, during the stages of from an 84-hour 
to a 96-hour incubation. 

9. It is suggested that the multiplication of primordial germ-cells begins 
even during the stages of from a 10-hour to a 96-hour incubation, but 
that no active migration of primordial germ-cells occurs until the stage of 
a 96-hour incubation has been reached. 

10. As to the destination of those primordial germ-cells which are 
found in positions at a considerable distance from the genital ridge, I am 
unable to come to any conclusion at present. 

December 28, 1931. 
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Pollen-Analytical Studies of Peat Formed on Volcanic Ash. 1 ) 
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Recently a report was published by Prof. Yoshii 2) with his co-worker 
on the remarkable grass-moor on Mt. Hakkoda, which has developed on 
volcanic ash. He suggested and also provided the writer with the material 
on the analytical research of peat there formed. The present paper is a 
general account of pollen-analytical investigation of the peat. 

In our country no research has ever been made along this line, and 
descriptions of the pollen of our plants are also lacking. Therefore, 1 
have made investigations on the pollen of our main forest trees for the 
determination of the fossil pollen found in our country. On the basis of 
the data thus obtained, I am making pollen-analyses of peats collected from 
northern Japan. The present study concerns only a part of the peats 
formed on Mt. Hakkoda. 

1 will refer briefly to the nature of the moor in question accoiding to 
the work mentioned above: The grass-moor, predominated bv Malinin 
japanica , rovers terraces on the western slope* of the mountain at a height 
of about 1100 metres above sea-level and is characterized by a number 
of peculiar small ponds scattered on it. It is lemarkable that this moor 
develops on deposit of volcanic ash, under which lie several layers of peat, 
intercalated by layers of volcanic ash formed by repeated eruptions. The 
photograph shows a piofil of the moor-ground. The first peat layer is 
about 20 cm deep, the second peat layer is only 1 cm in thickness, while 
the third one is as thick as 35 cm. 

Samples for pollen-analyses were taken from different levels in each 
layer of peat. Results obtained arc* shown in the following table, in which 
the frequency of the pollen found at different levels is expressed as per¬ 
centages of the total pollen. Since practical difficulties are often encountered 

OContiibutions fiom the Ml. IIakk6da Hotam<al Lalx>ratory. No. 13. 

WYoshii, Y., un<l Hayasi, N. 1931. Botanische Studurii b'di.iipiner Moore auf vulkani- 
scher Asche. Sci. Rep. Tohnku Imp. Univ. 1th Ser. (Biol.) Vol. 6. p. 307. 
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on distinction between the pollen of Fagus and of Quercus , as well as 
between those of Betula and of Corylus , they were here counted together, 
respectively. However, so far as my examination could prove, it appealed, 
that Fogw.s-pollen predominated over (^wcrcw.s-pollen, and that Betula -pollen 
surpassed the* Cory lu s-[io\ Ien. 
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The main points from the table are represented by the diagram. 

It is remarkable that Abies is found in a larger number in the upper 
layer, being very scarce in the lower ones. Fagus and Quercus , which are 
considerably abundant in the third layer, decrease remarkably in the upper 
layers. Pinus increases in the upper layer, while Betula (including Corylus ) 
remains rather constant. Although both trees show higher percentages, it 
must be noted that they, particularly Pinus , produce a great amount of 
pollen in nature. Alnus , Ulmus and Acer show no feature worth noting, 
and Carjnnus and Salix are of less importance. The most remarkable 
fact is that Abies has increased in recent time, while Fagus and Quercus 
have been decreasing remarkably. 

In connection with these facts represented in the results of pollen- 
analyses, reference must be made to the present aspect of the vegetation 
in the environment of the moor. As was described by Dr. Horikawa 0 , 
a large area of the upper part of Mt. Hakkoda is covered by forests of 
Abies Mariesii, Conifers on this mountain are represented almost exclusively 
by this tree, except Pinus pumila , which grows about the summit and is 
often found in the environment of the moor. Taxus cuspidata and Tsuga 
diversifolia are rarely found. The mixed forests of Abies Mariesii and 
Fagus Sieboldi t occupying the slopes below the coniferous forest region, are 

D HoRIKAWA, Y. 1930. The vegetation of Mt. HukkAda. Sei. TAhoku Imp. Univ. 4th 
Ser. (Biol.) Vol. 5 p. 555. 
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not remarkable in the neighbourhood of the moor. Dwarf trees of Abies 
Mariesii and Pinus pumila, together with shrubs, grow also in bushes 
found here and there on the moor 0 . Moreover, in the immediate neigh¬ 
bourhood of the moor, Quercus crispula and Betula Ermanii are found. 
Betula Ermanii with Alnus Maximowiczii and Acer Tschonoskii is often 
present in the higher part of this mountain. Carpinus cordata and Ulmus 
laciniata , as well as other deciduous trees, are only found in the lower 
parts far from this moor. 

According to the results obtained from the pollen-analyses, Abies which 
is now dominant, seemed to be scarce in older times, and on the other 
hand, deciduous trees, especially Fagus and Quercus which are now rather 
seldom found in the neighbourhood of this moor, appeared to be pre¬ 
dominant. On the basis of this fact, it may be presumed that deciduous 
forests have been invaded by the conifer, as is generally recognized in 
other regions. 


SUMMARY. 

As the result of pollen-analyses of peat layers formed on and between 
deposits of volcanic ash on Mt. Hakkoda, remarkable differences were 
recognized in the pollen composition in different layers. 

Pollen of Abies , which were found in a larger number in the upper 
layer, could scarcely be seen in the lower layers, while those of Fagus 
and of Quercus were abundant in the lowest layer, decreasing remarkably 
towards the surface. This fact may be considered as an evidence of 
predominant growth of Fagus and Quercus in older times, while Abies is 
dominant in the present time. It may be presumed, therefore, that deci¬ 
duous forests in this region have been invaded by the montane conifer. 

I here wish to express my cordial thanks to Prof. Dr. Y. Yoshii lor 
his kind suggestions, as well as for his kindness in providing the material 
and the photograph. 

^Cf. Yoshii und Hayasi, 1. c., p. 309. 
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INTRODUCTION. 

The present experiment deals with the physiology of the cardioregulator 
narves in the heart of the oyster. 

There has been a controversy regarding the nervous control of the 
molluscan heart. As to the lamellibranchs, Yung ( 1881 ) stated that the 
cardiac nerves of these molluscs (Aft/a, Anadonta , and Solen) have an 
acceleratory function, while, on the contrary, BUDDINGTON (1904) and 
Carlson (1905) concluded that there is no evidence of the presence of 
the acceleratory nerves but the inhibitory nerves are alone pri'sent in the 
molluscs examined by them. 

The purpose of the present experiment was to determine, if possible, 
whether or not the cardio-regulator nerves exist in the oyster, and if they 
do exist, to know the nature of the functions of the nerves. 

This investigation was undertaken at the suggestion of Prof. Dr. S. 
Hatai at the Asamushi Marine Biological Station, and I wish here to 
express my hearty thanks for his kind guidance and encouragement, and 
also to the members of the station who have given valuable advice. 


MATERIAL. 

For the present work Ostrea circumpicta Pils. was used, since not only 
this oyster has been used for numerous other physiological experiments, 
but also it can be collected abundantly in the neighbourhood of the station. 

The preparation of materials for the experimentation was proceeded 
in the following manner. 

The shell was removed carefully so as not to injure the visceral ganglion 
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and the pericardial region. The greater parts of the gills, together with 



Fig. 1. Diagram to show the relative 
position of the vis< eral ganglion, the heart, 
the alimentary canal, etc Add, adductor 
muscle; AI. alimentary final; An. anus; 
Aur. auricle; Gil, gills; Cl. vis, visceral 
ganglion; Lp, labial palps; N. hr, bran¬ 
chial nerve; Vent, ventricle. 


the mantle, were cut away and the 
adductor muscle was then dissected 
along the dotted line in Fig. 1, 
then the oyster was fastened to a 
small board in such a manner that 
the heart and the visceral ganglion 
with its nervous connections are 
accessible for the stimulation (Fig. 
2f. The visceral ganglion lies on 
the ventral surface of the adductor 
muscle imbedded in a mass of 
connective tissue, and can he usually 
seen without any dissection through 
the tissue. The ganglion gives rise 
to, eight to nine pairs of nerves; 
viz., cerebro-visceral connectives, the 
branchial nerves, the visceral nerves, 
the nerves to the adductor muscle, 
and several pairs of the nerves to 
the mantle. The connectives and 
the branchial nerves run parallel 


Vent. 



Fig. 2. Showing the nerves arising from the visceral ganglion. The 
adductor muscle was removed along the dotted line in Fig. 1, and the region 
of the visceral ganglion is turned upward. Aur, auricle; con. cv, cerebro* 
visceral connective; G. cb, cerebral ganglion; G. vis visceral ganglion; N. br, 
branchial nerve; N. pal, pallial nerve; N. vis, visceral nerve; Vent, ventricle. 
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and close together for a distance of about one centimeter from the ganglion. 
The branchial nerves turn laterally and enter the gills, while the connectives 
penetrate the reproductive gland and liver, and then enter the cerebral 
ganglion at the ventral surface of the oesophagus. Close to the visceral 
ganglion each connective gives off a small nerve which runs parallel with 
it for a short distance and then turns laterally to enter the renal organ 
and the viscera. This nerve may be designated the visceral nerve, and 
one of the small branches of the nerve can be traced to the base of the 
auricle, but the nerve to the ventricle branches off so extensively in the 
renal organ that 1 was not able to trace any one branch of the nerve 
entering the ventricle directly. 


EXPERIMENTS. 

1. In the first series of the experiments I attempted to determine! the 
effects of the stimulations of the visceral ganglion on the pulsations of the 
heart in situ. The apparatus deviced for this purpose is shown in Fig. 3. 



Fig, 3. Diagram to show appuratus for indirectly tracing 
the pulsations of the heart in situ. A, auricular rhythm; M, 
magnet to mark the instance of the stimulation; '1', time mark: 

V, ventricular rhythm. 

By means of this apparatus, the heart rhythm was recorded indirectly in 
the following manner. I pressed key A in Fig. 3 by hand at the begin¬ 
ning of the systole of the auricle and kept pressing til* it was over and 
released the key at the beginnig of the diastole ; and then in turn pressed 
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key V during the systole of the ventricle. The auricular and the ventri¬ 
cular rhythm were thus recorded. The small board to which the oyster 
was fixed in the manner as already stated was soaked in the sea water, 

s. 



Fig. 4. Preparation in studying the effect 
on the auricular rhythm with the stimulation 
t>f the visceral ganglion. Aur, auricle; G. vis, 
visceral ganglion; S, silk thread connecting 
the auricles and the recording lever; Vent, 
ventricle. 


L. 


Ven. i 


Au. 



k 


Ven. 


Au. 

Au. 


Ven. 


Fig. 5. Showing the manner of 
suspension. Ail, auricle; Ven, ventri¬ 
cle; L, recording lever. 


but the region of the visceral ganglion was exposed to the air. The 
pulsations thus recorded by the apparatus are shown in Fig. 6. 

On stimulation of the visceral ganglion with a weak interrupted current, 
the pulsations cease in diastole, and complete arrest of the rhythm continues 
for half a minute but the beats usually reappear before the cessation of 
the stimulation (Fig. 6). The cardio-inhibitory mechanism of this heart 



Fig. 6. The heart rhythm of the oyster is traced indirectly 
by means of the apparatus shown in Fig. 3. Showing the in¬ 
hibition of the rhythm on stimulation of the visceral ganglion. 
The upper is the ventricular rhythm and the lower is the auri¬ 
cular rhythm. 
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shows fatigue or fails to respond very quickly when excited with a weak 
interrupted current. If the visceral ganglion is stimulated repeatedly, the 
threshold increases, but becomes ineffective if further stimulated. 

Whether or not these reactions can be interpreted as a proof that the 
visceral ganglion sends inhibitory fibres to the heart can not be readily 
decided. In the oyster the base of the auricles is only about 3 cm. 
distant from the ganglion even in the largest specimens. It is, therefore, 
possible that the current may escape through the renal organ and stimulate 
the heart directly. The following experiments show that the inhibition 
was not caused by the escape of the current. 

(i) If the heart is stimulated directly by such a strength of the stimulus 
as was applied to the visceral ganglion, the pulsations are not arrested. 

(ii) If the interrupted current of the same strength is applied to the 
muscle adjacent to the visceral ganglion, the pulsations are not affected. 

(iii) The inhibition of the pulsations is also obtained by the mechanical 
stimulation of the visceral ganglion. When the visceral nerve together 
with the cerebro-visceral connective is exposed and pinched with forceps 
at the point nearest to the ganglion, the pulsations are inhibited. 

From the facts given above, we will be safe to conclude that the 
inhibition noted after an electrical stimulation was not caused by the 
escape of the current. 

The visceral ganglion also sends fibers to the adductor muscle, the 
muscles of the mantle and the gills, but the present method of preparation 
cuts away the greater parts of these muscles, and the stimulation of the 
ganglion causes but only a slight contraction of the cut stumps of these 
parts. There is, therefore, no fear that a slight contraction of surrounding 
structures can modify the heart rhythm. I have, however, tested the effect 
of the contractions of these parts on the pulsations in the following ways. 

(i) When the visceral nerve alone is exposed and stimulated mechanically 
as before, the pulsations are inhibited, but no contractions can be seen in 
these musculature. 

(ii) If the visceral nerves are severed at the point nearest the ganglion, 
the stimulation of the ganglion produces no effect on the heart rhythm, 
although the contractions of the muscles of these parts are caused. 

From these results, it can be concluded that the visceral ganglion sends 
inhibitory nerves to the heart. 

II. With a view in determining the manner of ;, u.i rvation from iho 
ganglion to the heart, the following experiments were performed. 
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1. The stimulation of the visceral ganglion on the auricular rhythm. 

The preparation was made in the same manner as in the previous 
experiment (Fig. 2), and the auricles are cut at the auriculo-ventricular 
junction and the cut end is tied with a silk thread. The free end of the 
thread is connected to a recording lever and the rhythm was recorded 
(Fig. 4 and Fig. 5 a). 

If now the visceral ganglion is stimulated with a weak interrupted 

current, the auricular rhythm 
is inhibited, but on cessation 
of the stimulation it starts at 
once to pulsate with a quicker 
rhythm than before for a 
several seconds (Fig. 7). The 
auricle responds very sensitively 
not only to the interrupted cur¬ 
rent but also to all other stimuli 
so far tested such as chemical 
and thermal either directly 
upon the ganglion, or by stimulation of the lateral and the posterior 
pallial nerves which arise from the ganglion. For instance, when the 
posterior pallial nerve is exposed carefully and stimulated with a weak 
interrupted current, the inhibition of the rhythm can be obtained. 

From the results obtained after taking all precautions against the escape 
of the current and also avoiding any interference of the movement of the 
heart from undue pressure of adjacent parts, I am convinced to conclude 
that the inhibitory nerves enter the heart at the base of the auricles. 

In the oyster heart, the right and the left auricular rhythms can be 
recorded separately (Fig. 5 b). The stimulation of the visceral ganglion 
arrests the rhythms of both auricles at the same time. The right and the 
left visceral nerves are exposed, and each nerve is severed at the point 
nearest the ganglion. By the mechanical stimulation of the left visceral 
nerve the rhythms of both auricles are inhibited (Fig. 8), and the stimulation 
of the right visceral nerve produces the same effect on both. It is therefore 
evident that each auricle is supplied with the inhibitory fiberes from both 
visceral nerves. 

Carlson (1905) concluded that there is no evidence of the presence 
of the acceleratory nerve in the lamellibranchs (Mytiltis, Tapes , Cardium , 
Pecten , etc.), but in my present experiment I have obtained the results 
which may be considered to show the presence of the accelerator nerves. 



Fig. 7. Showing the inhibition of the 
auricular rhythm on stimulation of the vis¬ 
ceral ganglion. 
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Fig. 8. The right and left auricular rhythms are traced sepa¬ 
rately. Showing the inhibition of both rhythms on stimulation of the 
left visceral nerve. 


In the normally pulsating auricles, as was shown already, the stimulation 
usually produces the inhibiting reaction. I have however encountered three 
peculiar preparations in which the accelerator effects were shown on the 
stimulation of the visceral ganglion. These preparations first showed the 
inhibitory effects several times repeatedly while the heart was pulsating 



Fig. 9. The accelerator effect shown by the slowly beating 
auricle accompanied by stimulation of the visceral ganglion. 


normally; but after keeping it in sea water for more than 30 hours and 
after the pulsations became slower, the stimulation of the ganglion produced 
acceleratory reaction decisively (Fig. 9). The results show that in the 
oyster both accelerator and inhibitory nerves are present in the heart, 
and that in normal condition an action of the inhibitory fibres predominates 
that of the accelerator when the two antagonistic nerves are stimulated 
simultaneously, or in other words the accelerator effects are overshadowed 
by the inhibitory effects. According to Botazzi and Enriques (1901) and 
to CARLSON (1905) that in aplysia the inhibitory n*-r\es are absent and 
the accelerator nerves alone are present. The presence of the accelerator 
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nerve may be easily demonstrated, if the cerebro-visceral connectives is 
stimulated with a weak interrupted current in a somewhat weakened aplysia. 
It must be remembered that the removal of the dorsal body wall, in order 



Fig. 10 Ventricular rhythm of Aplysia. Showing augmenta¬ 
tion of the rhythm on stimulation of the cerebro-visceral connective. 

to expose the visceral ganglion 
usually causes so profuse bleeding 
that the heart is soon rendered 
empty and collapses (Fig. 10 
and Fig. 11). On the other hand 
the stimulation of the visceral 
nerve on the aplysia having a 
vigorous and regularly beating 
heart usually produces inhibitory 
effects instead of acceleration 
(Fig. 12), and the complete arrest 
of the rhythm continues for some 
time. In this experiment, I have 
noticed the facts that the ventricle recovers pulsation with a remarkable 
augmentation when the same stimulus was applied to the nerve (Fig. 12.). 
These facts seem to suggest that which one of the antagonistic cardiac 



Fig. 11. Quiescent ventricle of Aplysia 
begins and continues to pulsate during the 
stimulation of the cerebro-visceral connec¬ 
tive. 



Fig 12. Pulsating ventricle of Aplysia. Showing inhibition on the stimulation of 
the visceral nerve. The mechanical stimulation was applied to the visceral nerve. 
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nerves predominantly functions when stimulated, depends on the physiolo¬ 
gical conditions of the heart, but further investigations on this point are 
required. 

2. The stimulation of the visceral ganglion on the ventricular rhythms. 

The ventricle is severed at the auriculo-ventricular junction, and is 
connected to a recording lever by one end of a silk thread, the* other end 
being tied to the cut end of the ventricle (Fig. 5 c). 

On the stimulation of the visceral ganglion with a weak interrupted 
current, the ventricular 
rhythm is arrested (Fig. 

13). The mechanical sti¬ 
mulation of the visceral 
nerve also produces the 
same effect. The same 
precautions were taken 
against the escape of the 
current and contractions of 
the adjacent parts as in 
the previous experiments. 

Carlson stated that in the lamellibranchs the cardiac nerves enter the 
heart at the base of the auricles only and not at the aortic end. Hut in 
the oyster as is experimented here the cardiac nerves enter the heart also 
at the aortic end. 



Fig. 13. The ventricular rh>thm of the oyster. 
Showing the inhibition of the rhythm on the slimula* 
tion of the visceral ganglion. 


III. A series of experiments were carried out with the purpose 
of determining whether the cardiac nerves which enter the auricle at its 
base regulate not only 
the auricular rhythm 
but also the ventricular 
rhythm, and vice versa. 

1. The aortic end 
is severed and the ner¬ 
vous connection through 
the ventricular end is 
intercepted; then the 
stimulation of the vis¬ 
ceral ganglion has no appreciable effect on the ventricle; though its effect 
on the auricles is not diminished (Fig. 14). For kimographic registration the 



Fig. 14. Tracing of the heart rhythm recorded by 
the indirect method. The aortic end was severed. 
The stimulation of the ganglion fails to affect the 
ventricle when the aortic end was severed, though the 
auricular movement is inhibited. 
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ventricle was severed from the aortic end and a silk thread was secured at 
the cut end (Fig. 5 d). Now, if the ganglion is stimulated, the auricular 
rhythm only is arrested, but in some cases both rhythms are unaffected 
(Fig. 15). When the stimulation fails to affect both rhythms, I have 
removed the ventricle for the purpose of control, by severing at the auriculo- 
ventricular junction, and tested the behavior of the auricle only. It was 
then found that the auricular rhythm is arrested when the ganglion is 



Fig. 15. Tracing from the heart suspender) in the manner as shown in Fig. 5 d. 

stimulated. From this fact, it may be considered that the failure of 
inhibiting both rhythms is not due to the faulty technique of the prepara¬ 
tion of the nerves, but due to the fact that the cardiac nerves which 
regulate the auricular rhythm do not regulate the ventricular rhythm, and 
consequently the ventricle continues to pulsate, though the auricular rhythm 
is arrested by the stimulation of the nerves. Since the powerful contrac¬ 
tions of the ventricle shadows the weaker contraction of the auricle, 
consequently the inhibition of the auricle when is attached with the former, 
becomes invisible. 

From these experiments it may be concluded that the cardiac nerves 
enter the auricle at its base and regulate only the auricular rhythm and 
not the ventricular rhythm. 

2. That the cardiac nerves which enter the ventricle at the aortic 



Fig. 16. Tracing from the heart suspended in the manner as shown in Fig. 5 e. 

■end regulate only the ventricle and not the auricular rhythm, can be shown 
in the same way. 
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The auricle is separated from its base but left in connection with the 
ventricle, and connected to a recording lever by a silk thread (Fig. 5e). 
The same results are obtained as in the last experiments, viz., the stimu¬ 
lation of the visceral nerve arrests only the ventricular rhythm or fails 
to produce any effects on both rhythms (Fig. 16). It will bn concluded 
from these results that the nerves which enter the ventricle regulate the 
ventricular rhythm only, and the nerves which enter the auricle at its base 
regulate the auricular rhythm only. 


SUMMARY. 

My experiments show that the heart of the oyster is supplied with the 
cardio-regulator fibers from the visceral ganglion. The inhibition of both 
auricular and ventricular rhythms is obtained on the stimulation of the 
visceral ganglion. The accelerator effect on the auricle appears in older 
preparations which showed a lowered vitality. It is, therefore, probable 
that both kinds of the cardiac nerves are present in the auricle, and that 
the action of the inhibitory nerve predominates that of the other and 
consequently when the both kinds of the nerves were stimulated simul¬ 
taneously, the effect of the former nerve alone appears. 
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INTRODUCTION. 

It is a well known fact that in the higher animals, the physiological 
properties of the auricle and the ventricle of the heart differ front each 
other on the effects of the temperature, osmotic pressure and some drugs 
etc. But as far as I am aware, there are hut only isolated investigations 
on this subject in lower animals such as rnollusks. The present research 
was undertaken with the hope of determining the lower and higher limiting 
temperatures on the automaticity of the auricle and ventricle of the oyster. 

MATERIAL AND METHODS. 

For the materials in the present research, Ostrea circumpicta Pilsbry 
and Ostrea gigas Thumbekg were employed. The former species which 
attains considerable body size is widely distributed in Mutsu Bay and can 
be obtained in large numbers, while the latter species though which is also 
widely distributed in Japan, was collected at Takahokomura which faces the 
Pacific and is not very far from the Asamushi Marine Biological Station. 
O. gigas is not only somewhat smaller in size, but differs in many physio¬ 
logical behaviors from O. circumpicta . 

In order to test the physiological properties of the two portions of the 
heart, two methods were utilized. One, is the complete removal of the 
heart from the body and then suspending both auricle and ventricle se¬ 
parately in the normal sea water and thus recording the pulsatory activities 
by the kymographic method. The second method is to record the activi¬ 
ties by the similar kymographic method, by dividing and suspending 


* Contributions from the Marine Biological Station Asamushi, Aomori*Ken No. 81. 



146 


S. TAKATSUKI 


separately the cut ends of the auricle and of the ventricle which were 
severed at the auriculo-ventricular junction while attaching the other intact 
ends to the body. In order to determine the effect of higher and lower 
temperatures on the pulsatory activities, the auricle and ventricle which 
were pulsating in sea water of about 200 cc capacity, were at first cooled 
with an ice and salt mixture and then heated gradually with an alcohol 
lamp. Recently Watanabe (1930) showed with various forms of Annelids 
that the heat shortening of the tissues are subject to considerable variation 
when the temperature was raised or lowered slowly or rapidly. The same 
holds true with the oysters not only for heat shortening, but also for the 
rhythmic contractions of the heart. Unfortunately, there is no method 
which completely obviates this difficulty, thus I was obliged to adjust 
the burner of the alcohol lamp so as to uniformly raise or lower the 
temperature. 

A loaded weight will of course, affect the tonus, the rate of pulsation 
and shortening in tissues, and so I have chosen the lightest possible weight 
for this purpose. 


EXPERIMENTAL RESULTS. 

The auricle and ventricle which were suspended in the sea water pulsate 
automatically, though that of the ventricle is more vigorous than in the 
auricle. (Fig. 1). 
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Fig. 1. Showing the pulsation of the ventricle and auricle recorded by the second 
nethod: that is dividing and suspending separately the end of the auricle and the 
ventricle at the auriculo-vcntricular junction attaching the other ends to the body. 

(O. gigas ). 

Note the differences of the pulsatory power in the ventricle and auricle 
The time marked per five minutes. 

Temperature of the medium at 14.5°C. 

The auricle and the ventricle behave differently in pulsatory activities 
as is seen from the following table. (Table I). 
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Table I. 
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2 

42.0 

6.0 

15.0 
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43.5 
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7.0 

47.0 
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37.5 

5.5 

7.5 

45.0 

42.6 


5.0 

46.0 
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8.0 

7.0 

42.0 

44.5 

4.0 

6.0 

47.0 
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6.0 

8.0 

45.0 

45.0 

3.0 

■11 

, 47.5 
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8.0 

7.0 

45.0 

42.0 

2.5 

6.0 

, 47.0 

7 

38.5 

7.5 

6.5 

46.0 

40.0 

1.5 

5.0 

47.5 

8 

37.5 

5.5 

5.5 

44.0 

43.0 

3.0 

6.0 

47.5 

9 

38.5 


5.0 

47.0 

44.5 

2.0 

7.0 

. 48.0 

10 


1 5.5 

15.5 

43.0 

46.0 

3.0 

6.0 

47.0 

11 




45.5 

42.0 

4.5 

6.0 

47.5 

12 

37.6 

6.0 

to.5 

42.0 

15.5 

5.5 

5.5 

j 49.0 

Average 

38.5 

6.3 

S.6 

44.4 

43.5 

3.3 

6.0 

47.4 


Table I. Showing the temperatures at which the pulsation stops in the ventricle 
and auricle. (O. gigas). 

In A is shown the temperature °C at which the pulsation stoped. 

In B is shown the temperature °C at which the pulsation stoped; gradually 
lowered from the room temperature. 

In C is shown the temperature °C at which the pulsation begun; gradually 
raised from 0“C. 

In D is shown the tempeiature at which the initial heat rigor occured. 



Fig. 2. No 1. O. gigas Showing the temperature C at which 
the pulsation began gradually upon being raised from about 0 C. 
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Fig. 2. No. 2. O. gigas Showing the temperatuie °C at which the pulsation stoped 
at a higher temperature and the temperature at which the initial heat rigor occured. 




Fig. 2. No 3. O. gigas Showing the temperature °C at which the pulsation stoped 
gradually upon being lowered from the room temperature with an ice and salt mixture. 


In Table I, the auricle shows not only a stronger resistance to both 
higher and lower temperatures than in the ventricle, but the former also 
differs from the latter in another physiological property as Table II and 
Fig. 3 show. 
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Table II. 
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0.8 ' 

0.8 

! 25 

! 24 

36 

1.3 

0.8 

- 0.7 

0.5 

30 

! 32(37 ( 

40 

1.2 

0.8 

1.2 

0.4 

14 

20 

45 

1.3 

0.8 

0 

0.3 

0 

14 

47 

1.4 

0.7 

0 

0 

0 

0 

49 

1.5 

0.9 

0 

0 

0 

0 

50 

1.7 

1 .2 

0 

0 

0 

1 0 

56 

1.8 

1.5 

; o 

0 

0 

, 0 


Table II. Showing some examples of the !onus, amplitudes and frequencies of 
the pulsations in the ventricle and auricle at varied temperatures (O. #igns). 

Tonus.... Height fiom base line in cm. 

Amplitude ...Contraction height of pulsation in cm. 

Frequency of pulsation ...The number of pulsations per minute 

At a higher temperature, the resistance of the ventricle is somewhat 
different individually, but the averaged value for the complete inhibition 
of the pulsation is at 38.5°C. The pulsation of the ventricle at a lower 
temperature is feeble, but gradually increases its frequency as the tempe¬ 
rature of the medium rises and gives the maximum frequency of pulsation 
of 30 per minute at about 35C. On the other hand, if the temperature 
is raised above 35 C the frequency decreases and is completely abolished 
at about 4(TC. The tonus of the ventricle shows the maximum at about 
15 C but decreases steadily as the temperature rises till just before the 
onset of the initial heat rigor becomes evident. The amplitude of pulsation 
also reaches the maximum at about 15 C and becomes gradually smaller 
as the temperature becomes higher, though in some instance extraordinary 
vigorous pulsations are shown just before those were abolished. The 
initial heat rigor or primary heat shortening of the ventricle occurs in 
average at 44.4°C 

Hatai (1921) and others, stated that the tempo ature necessary to 
produce the heat shortening of the tissues varies whether the materials 
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Fig. 3. Based on Table II in which the ordinate indicates the tonus, 
amplitude in cm. (left side) and frequency of the pulsation per minute. 

(right side). 

The absissa indicates the temperature °C. 

---•- X. Tonus of ventricle 

-x-x- T. a. Tonus of auricle 

—•-•-A. v. Amplitude of ventricle 

>-x- - x -A. a. Amplitude of auricle 

.•. • - * F. v. Frequency of ventricle 

—. X - x - F. a. Frequency of auricle. 

were fresh and active or not. This fact seems also true in the heart of 
oyster. 

In the auricle, the general behaviors regarding the amplitude, the 
frequency of the pulsation and the tonus are essentially the same as 
those shown by the ventricle. The tonus and amplitude reach the maximum 
at about 15^C as with the ventricle. The maximum frequency is shown 
at about 37 C and is abolished at about 43.5°C. The initial heat rigor 
occurs at about 47.4°C indicating a slightly higher resistance than in the 
ventricle. Both in the ventricle and auricle the pulsatory power is 
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recovered if the temperature is lowered again before the onset of the 
initial heat rigor. (Fig. 4.) 




Fig. 4. O. gigca Showing the recovery of the pulsatory power of the temperature 
lowered again before the onset of the initial heat rigor, (auricle) 

Note the sudden contraction of the auricle when the temperature was suddenly 
lowered. 

The time is marked per 5 minutes. 


In the lower temperature, the frequency as well as the amplitude of 
the ventricular pulsation not only decreases gradually but becomes irre¬ 
gular. The pulsation of the ventricle is abolished at about 6.3 C. The 
auricle also shows gradual decrease of the pulsation on lower temperature 
but exhibits stronger resistance than in the ventricle. Indeed it is abolished 
at 3.3 ’C and in some individuals the pulsations are seen even at 1.5 C. 
The amplitude as well as the tonus decreases gradually in both auricle 
and ventricle when these are exposed into the lower temperature 1 . 

In both the auricle and ventricle, the pulsation is completely sloped 
at about 0°C. If however, the ventricle and auricle at about 0 C are 
again heated gradually with the alcohol lamp a recovery process somewhat 
differs in those two portions of the heart. The auricle begins to pulsate 
at a much lower temperature than in the ventricle, that is the auricle 
begins to pulsate at about 6.0 C while that of the ventricle' at about 8.5 C. 
(average) The temperature at which the tonus of the ventricle and of the* 
auricle increases rapidly and begins to pulsate is not identical whether the 
temperature was raised from 0°C or whether lowered towards 0 C. I he 
cause of this phenomena just mentioned is not entirely clear, but it may 
partially be due to the difference in the colloidal st.ife of the cardiac 
muscle whether it was first exposed to the higher or lower temperatures. 
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The work done by the heart of oyster during its pulsation has been 
calculated and was reported already by the present author (1927), and 1 
have undertaken in the present research, similar calculations separately on 
the auricle and ventricle. The work done by the ventricle and auricle at 
varied temperatur^ is calculated by the following simple formula; 

Number of pulsations per minute x Amplitude of the contraction 
x Tonus (The hight from the base line) = Work done. 

Table III. 


Temperature 

Ventricle 

Auricle 

Ventricle & 

| Auricle 

0 

1 

1 

2 

5 

1 

1 

2 

6 

1 1 

1.44 

2.44 

7 

1 i 

2.00 

3.00 

8 

1.80 

3.00 

4.80 

10 

6.72 

5.04 

11.76 

13 

12.80 

8.40 

21.20 

15 

! 24.00 

21.60 

45.60 

20 

| 26.18 

14.06 

40.18 

25 

1 25.20 

12.96 

38.16 

30 

26.00 

15.36 

41.36 

35 

27.30 

; 12.00 

39.30 

40 

20.16 

! 6.40 

26.56 

45 

1.30 

, .‘5.36 

, 4.66 

47 

1.40 

0.70 

' 2.10 

49 

1.50 

0.90 

2.40 

50 

1.70 

1.20 

! 2.90 

55 

1.80 

1.50 

, 3.30 


Table III. Showing the work done by the ventricle and auricle 
at varied temperature. The absolute work done by the auricle and 
ventricle is based on the Tuble II. 


As will be seen from Table III and Fig. 5, the work done by the 
ventricle rapidly increases from 10°C up to 15'C and reaches the maximum 
at 35 rt C. After 35’C it drops very rapidly and reaches the minimum at 
45 C. The auricle on the other hand, performs the maximum work at 
15 C which is followed by a decrease and reaches the minimum at 47 C, 
as in the case of the ventricle. The work done by these two portions of 
the heart differs from each other under the same conditions and that of 
the ventricle exceeds far greater the auricle. These differences just stated 
may be due to the differences of the physiological and anatomical proper¬ 
ties of the tissues concerned; that is, the ventricle is more muscular than 
in the auricle and since the former being the chief center of the output 
of the blood, hence produces greater work than in the auricle. 
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Temperature C C\ 


Fig. 5. Based on the Table Ill in which the ordinate indie ites 
the absolute value of the work done by the heat and the absissa of 
the temperature °C. (O. ffigas) 

—.-. — . _ Ventricle 

- x-X-Auricle 

-▲-A- - Ventricle and auricle. 


GENERAL CONSIDERATIONS. 

Gellhorn (1924) found that the heart strip of the frog immersed 
in Ringer’s solution, produces the two types of the effects when acted by 
the heat; that is, the amplitude of the pulsation does not clearly decrease 
at the higher temperature, but the frequency of the pulsation increases 
and consequently the work done also increases. He considered that this 
type is a physiological one. In another type, the amplitude gradually 
decreases followed by an increased temperature but the frequency of the 
pulsation is increased and consequently the work done decreases. Funada 
(1928) stated that these two opposite phenomena observed by Gellhorn 
are mainly due to whether the given heart strips poi sed in it many or 
a few number of the nervous ganglion cells, and thus he concluded that 
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the first type indicates the presence of many ganglion cells while the 
second type indicates fewer ganglion cells in the strips. These two types 
of the reactions can not be clearly demonstrated in the oyster heart. The 
innervation of the regulative nerves of the heart pulsation has been studied 
by Oka (1932) physiologically, but as the presence or absence of the 
ganglion cells in the heart was not stated by him and it seems, therefore, 
highly important to study the distribution of the nervous ganglion cells in 
order to scrutinize the possible relationship of the nerve cells to the 
activity of the oyster heart, in the future. 

The physical changes which occur in protoplasm as the temperature 
is either raised or lowered many throw light on some of the fundamental 
properties of the pulsation of the heart. As for instance, Bklehradek 
(1928) stated that the cardiac frequency of the Daphnia is slowed in the 
lower temperature due to increased viscosity of the protoplasm, and that 
its complete stoppage, is associated with a reversible gel formation. 

Heilbrunn (1926) who measured the viscosity of the egg plasm 
under various temperatures found that in the lower temperature at 1° 
above freezing point the viscosity increases suddenly and again in *a high 
temperature at 31°C. it also increased suddenly. The maximun viscosity 
in eggs is at l. r )°C. These facts just stated may very likely be the 
phenomena similar as with the phenomena of the heart pulsation, since as 
I have already stated, the rapid increase of the amplitude occurs just 
before the pulsation stops at a high temperature. 

The effect of the temperature on the viscosity of protoplasm has 
been studied by several other investigators (Weber 1923, Pantin 1924, 
Becking 1928, etc.) though the results attained by them are not entirely 
consistent, however, it seems probable that the pulsation, amplitude and 
tonus of the heart which either decreases or increases at lower or higher 
temperatures may be associated with the gelation of its protoplasm as will 
be seen from the occurrence of the optimum condition attained at about 
15°C. in the heart of oyster. 

According to Heilbrunn (1928) the heat coagulation of protoplasm 
depends primarily on an alteration of the fats or lipoids of the cell, and 
therefore, it is easy to understand that an increase in water content 
would favor heat death and a decrease in water concentration would 
retard it. Since the higher the percentage of water in the cell, the more 
readily would fat and lipoid tend to dissolve. If this view of Heilbrunn 
were true, the protoplasm of the ventricle would contain a greater amount 
of water than in the auricle, but such an assumption needs further 
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verification. At any rate the heat rigor of the living cell must be due to 
the many factors as mentioned above and by the differences in their 
interactions producing the difference of activity in tissues and organs when 
affected by either lower and higher temperature accordingly. 

CONCLUSION. 

The auricle is much stronger in its resistance than in the ventricle 
when exposed to lower and higher temperature; that is, in the ventricle, 
the pulsation is completely inhibited at about 6.3°C. and 38.5V while in 
the auricle it is inhibited at about 3.3°C and 43.5V. The initial heat 
rigor occurs at about 44.4V. in the ventricle and at about 47.4V. in the 
auricle. The tonus of the ventricle and auricle is the maximum at about 
15°C. The amplitudes of the ventricle and the auricle show the maximum 
at about 15°C. The frequencies show some difference in the fwo portions; 
that is, in the ventricle, it is maximum at about 35V. and in the auricle 
at about 37V. These differences are assumed as due to the difference of 
the colloidal behavior of protoplasm which constitutes it and reasons for 
it are presented in the text. 
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Studien iiber die Bildung organischer Sauren in 
griinen Pflanzen. I. 

Die Reihenfolge des Sauregehalts im ganzen 
Korper von Begonia Evansiana Andr. 

v r ON 

Mannen Siiibata. 

(Biologisches Institut der Kaiserliehcn T6hoku-Uni\ersitat. Sendai). 

(Mit 6 Textfijwren) 

(EinReKangrn am 8. Jun. 1932) 

I. EINLEITUNG UNI) tJBEKSICHT ObER DIE KKAGE DEB 
OXALSAURE IN GRtJNEN PFLANZEN. 

Die Oxalsaure ist nicht nur ein verbreitetes, sondern aueh ein sehr 
auffalliges Produkt des Stoffwechsels der Pflanzen, da sie in der Hegel in 
Form von Kristallen ihres Kalksalzes vorkommt. Kalkoxalat findet sich, 
mit Ausnahme der Lebermoose, in alien Pflanzen, denn Lokchk bat sein 
Vorkommen aueh bei Laubmoosen festgestellt, die friiher immer fiir 
kalkfrei gchalten wurden. Nach Braconnot findet es sieh in enormen 
Massen in einigen Flechten: z. B. in Pertusaria communis zu 17%, in 
Chlorangium Jusufii zu iiber 65 °/o der Trockensubstanz (ausserdem aueh 
losliches Oxalat). 

IJberdies findet sich die Oxalsaure als freie Saure und Mg*, K- und 
Na-Salze in der Pflanzenwelt. Naeh Monteverdi*: tiitt das Mg-Oxalat 
bei zahlreichen Panieeenarten in Form stark doppelbrechender, radialstrei- 
figer Sphariten, oder in Form unregelmassiger Aggregate fast in jeder 
Zelle der Epidermis trockner Blatter, seltner in ihren Mesophyll/ellen auf. 
Als saures Kaliumsalz, im Zellsafte gelost, findet sie sich in vielen Oxalis- 
und Rumex arten, in Bliittern von Rheum , Geranium und vielen anderen 
Pflanzen und als losliches Natriumsalz in Salicornia und Salsola. 

Wegen dieser grossen Verbreitung der Oxalsaure in der Pflanzenwelt 
wurde man schon friihzeitig auf diese Saure in physiologischer Hinsicht 
aufmerksam. Trotz zahlreicher Arbeiten versehiedenor Forsehcr bleibt 
aber bis heute die Bildungsweise und Bedeutung dieser Saure noch etwas 
ungeklart. Daran tragt im grossen und ganzen die bisher verwendete 
Untersuchungsmethode Schuld. 



158 


M. SHIBATA 


Bevor wir aber auf die Besprechung unserer cigenen Versuche eingehen, 
so sei zunachst der gegenwartige Stand der Kenntnisse von dieser Frage 
gegeben. Folgende vier Punkte kommen hier in Betracht: a. Durch 
welche chemischen Vorgange entsteht sie in der Pflanze? b. Welche 
Rolle spielt sie im Leben der Pflanze ? c. Welche Bedingungen beschleu- 
nigen oder verzdgern die Oxalsaurebildung ? d. 1st die Verarbeitung der 
Oxalsaure enzymatischer Natur? 

a) Die Frage der chemischen Vorgange bei der Ox r i Isau reen tstehung. 

Was zunachst die Bildungsweise der Oxalsaure anbetrifft, so hat schon 
1810 Liebig berichtet, dass die Oxalsaure, wie die anderen organischen 
Sauren, als Zwischenprodukt bei der Reduktion und Kondensation der 
Kohlensaure durch den Chlorophyllapparat der hoheren griinen Pflanzen 
entsteht. Dieser Auffassung entstanden moisten Pflanzenphysiologen der 
neueren Zcit Gegner, weil erstens die Oxalsaurebildung in den griinen 
Pflanzen mit Oxydationsvorg’angen und nicht mit Reduktionsvorgangen 
zusammenh’angt, weil sich zweitens die Empfindlichkeit des Chlorophylls 
gegeniiber der sauren Reaktion geltend maeht, und weil drittens die 
Bildung eines Kohlenhydrats aus Oxalsaure vom chemischen Standpunkt 
aus nicht begreiflich ist, um so mehr als die Umwandlung von Kohlensaure 
in Oxalsaure nur mit geringer Erhohung des energetischen Potentials 
verbunden ist. 

Obgleich die LiBBlGsche Hypothese fast allgemein als nicht zutreffend auf- 
gegeben wurde, so wurde sie doch noch von Zeit zu Zeit von verschk denen 
Seiten gestiitzt. Ballo, der aus Ameisensauro Oxalsaure mittels Salpeter* 
siiure erhielt, sab es fiir mdglich an, dass die Aufeinanderfolge der Reduktion 
so verlauft: Oxalsaure Tartronsiiure — Weinsaure — Aposorbinsaure — 
Zuckersiiure usw. Line ahnliche Bildung kohlenstoffreicherer Sauren aus 
einfacheren bei Pflanzen ist aueh von Brunner und Chuard und von 
Konigs angegeben worden. Traube unterstiitzte diese letzte Ansicht, 
indom er durch Reduktion des Oxalesters Glykolsaure, Apfelsaure usw. 
„ in einfache genetische Beziehung zur Oxalsaure und damit zur Kohlen¬ 
saure” brachte. Vor kurzem hat Baur die LlEBiGsche Hypothese wieder 
aufgenommen und auf Grund energetischer Berechnung die Mdglichkeit 
einer primaren Reduktion von Kohlensaure zu Oxalsaure erortert. 

Paixadin suchte zu beweisen, dass die organischen Sauren im wachsen- 
den Pflanzenteile als Nebenprodukt bei der Regeneration des Eiweissstoffs 
aus Asparagin und Kohlenhydraten entstehen. Schimper dachte gleich- 
falls, die Oxalsaure sei ein Nebenprodukt bei der Eiweissbildung, und 
Holzner fasste die Oxalsaure auch als Produkt der Proteinstoffe auf. 
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Arthur Meyer hat ahnlich die Bildung des Kalkoxalats mit der Eiwciss- 
und Saurebildung in Beziehung gebracht und festgestelit, dass die drei 
Prozesse — Eiweissbildung, Abnahme der freien Oxalsaure und Kalkoxalat- 
bildung — miteinander korrespondieren. Bei kraftiger Kiweissbildung in 
beleuchteten Laubblattern erfolgt dementsprechend stets energische Ab¬ 
nahme der freien Oxalsaure und reichere Oxalatbildung. In letzter Zeit 
sind viele Versuche tiber die organische Saurebildung in den Pflanzen 
ausgefiihrt worden, und viele wertvolle Arbeiten brachten bedeutungsvolle 
Vorschlage in dieser Richtung. Besonders Ruhland und seine Schiiler 
benutzten als Versuchsobjekte hnhere griine Pflanzen im Gegensatz zum 
Pilz, der bisher haufig verwendet wurde. Nach der Untersuchung des 
Saurestoffwechsels von Begorria semperflorens kamen sie zum Sehluss, dass 
das Auftreten der Oxalsaure aufs engste mit dem Eiweisssloffwechsel ver- 
kniipft ist. Bei Begonia besteht innige Wechselbcziehung zwisehen dem 
Stickstoffwechsel und dem Auftreten der Saure. Nach Wetzel gibt es 
drei Mbglichkeiten fiir die Oxalsaurebildung in den Pflanzenzellen, 1. 
durch Zuckeroxydation, 2. durch Desaminierung von Aminosauren und 
Saureamiden und 3. durch Eiweisssynthese. 

Auf die Moglichkeit der Oxalsaurebildung durch Zuckeroxydation wurde 
seit alten Zeiten von vielen Porsche! n hingewiesen, und von CzAPEK wurde 
in seinem trelUichen Buch „ Biochemie der Pflanzen ” die Oxalsaure als 
Produkt unvollstandiger Oxydation unter gleichzeitiger Spaltung des Zucker- 
molekiils bezeichnet. Wenn aber diese Ansicht richtig ware, so miWste 
man erwarten, dass saurereiche Pflanzen einen sehr niedrigen Haushalt 
batten und als Folge des Kampfs urns Da^ein zu Grunde gehen miissten. 
In Wirklkhkeit gedeihen sie trotzdem liberal! auf der Erde und unter- 
driicken sogar andere Pflanzen. Schon allein diese Tatsaehe geniigt, zu 
beweisen, dass die Zuckeroxydation wenigstens nicht der Hauptfaktor bei 
der Saurebildung ist. Die Moglichkeit der Saurebildung durch Eiweiss¬ 
synthese und durch Desaminierung von Aminosauren und Saureamiden 
scheint viel wahrseheinlicher als die durch Zuckeroxydation. 

Nach Ruhland und seinen Schiilern geht ja das Auftreten der orga- 
nischen Sauren der Desaminierung parallel, und der dabei gebildete stick- 
stofffreie Restkbrper kann die Mutlersubstanz der organlschen Sauren sein. 

h) Die Bedeutung der Oxalsaure im Lehen der Pflanzen. 

Uber die physiologische Bedeutung dieser Saure meinte de Vries, im 
allgemeinen seien die Oxalate als Exkret anzusehen, sie seien aber nicht 
unbedingt nutzlos, da sie als Turgorstoffe der Zelle dienen konnen. Gr. 
Kraus meinte aber auf Grund seiner quantitativen Versuche, das Kalk- 
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oxalat der Baumrinden aid Reservestoff hinstellen zu sollen. Nach Holzner 
und Sachs sollen die organischen Sauren, insbesondere Oxalsaure, den 
Zweck haben, aus Kalziumphosphat und Kalziumsulfat die Sauren frei zu 
machen und so den Pflanzen die Assimilation der Phosphor- und Schwefel- 
saure zu ermoglichen ; aber diese Hypothese hat heute nur noch historisches 
Interesse. 

Andererseits sieht Schimper die giftige Oxalsaure in erster Linie als 
Nebenprodukt des Stoffwechsels an. Fiir die Pflanze ist es deshalb not- 
wendig, sie unschadlich zu machen oder mindestens aus dem Stoffwechsel 
ausz.ischalten. Der Kalk erfiillt seine Aufgabe zwar mit dem Augenblick, 
wo er mit der Oxalsaure zusammentrifft und als Kalkoxalat verbunden 
wird. De Vries, Pfeffer und Wehmer vertreten nun gerade die ent- 
gegengesetzte Auffassung. Nach ihnen iibt der im Uberschuss aufgenom- 
mene Kalk, sei es als Kalzium-nitrat, -sulfat oder -phosphat, eine schadliche 
Wirkung auf den Organismus aus, die durch Bildung von Oxalsaure und 
daraus folgende Fallung von Kalkoxalat beseitigt wird. Nach Schleiden 
und Frank ist die Bedeutung der organischen Sauren ebenfalls in der 
Neutralisation der iiberschiissig aufgenommenen Basen zu suchen. Ruhland 
und Wetzel kamen zum Schluss, class bei Begonia semperflorens die 
organischen Sauren als Entgifter des bei der Desaminierung zugleich auf- 
tretenden Ammoniaks eine Rolle spielen. 

Vor kurzem beschaftigte sich Niethammer mit der Bio- und Histochemie 
der Friichte und Samen und berichtete, dass man in unreifen Friichten 
und Samen oft Kalkoxalatausscheidungen findet, die mit zunehmender 
Reife meistens verschwinden, und dass die Kalkoxalatdriisen demnach 
wieder im Stoffwechsel verwendet werden und daher keine nutzlose Aus* 
wurfstoffe sein konnen und dass in manchen Friichten bestimmter Familien 
im Zustand der Uberreife Inklusen auftreten. 

Ohne hier auf die dkologische Anschauung Stahls oder auf den an 
die Reizperzeption ankniipfenden Gedanken Haberlandts naher einzugehen, 
so ist es doch verstandlich, dass die physiologische Rolle der Oxalsaure 
seitens der verschiedenen Autoren ja nach den verschiedenen Versuchs- 
objekten ganz anders aufgefasst werden musste. 

c) Die bei der Sdurebildung in Frage kommenden Bedingungen . 

Licht. Als vdllig sichergestellt sind vor allem folgende Tatsachen an- 
zusehen, erstens Abnahme der freien Saure der Fettpflanzen bei Tageslicht, 
zweitens Saurezunahmc gleich nach der Verdunkelung und drittens schnelle 
Abnahme bei gleichzeitiger Erwarmung der Pflanzen w'ahrend der Ver¬ 
dunkelung (A. Mayer, de Vries, Gr. Kraus). Warburg glaubt, die 
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Lichtwirkung beruhe auf drei verschiedenen Vorgangen: der Lichtent- 
sauerung, der Dunkelentsauerung und der Ansauerung nach vorhergegan- 
gener Belichtung. Nach dr Vries gibt es aber nur zwei Prozesse: erstens 
Entsauerung, die bestandig vor sich geht, und zweitens Ansauerung nach 
vorhergegangener Belichtung, die dann jcnen Prozess verdeckt. Also 
erfolgen in den Fettpflanzen beide Vorg’ange der An- und Entsauerung 
bestandig nebeneinander, und je nachdem der eine oder der anderc iiber- 
wiegt, zeigen sich die Ergebnisse als Zu- oder Abnahme der Saure* 
wahrend bei den eigentlich diinnblattrigen Pflanzen koine Unterschiede 
bei Tageslicht nachzuweisen sind. 

In den Studien iiber den Saurestoffwechsel sukkulenter Pflanzen miltels 
einer neuen Methodik zeigte aber Bkndrat, dass bei alten und mittleren 
Blattern wahrend der Nacht tatsachlich Ansauerung erfolgt, bei jungen 
Blattern aber, im Gegensatz dazu, nachts wiederholt Entsauerung. Die 
Entsauerung setzt bei alten und mittleren Blattern in den ersten Tages- 
stunden schwach ein und findet in der Hauptsache in der Mittagszeit 
statt. In den Nachmittagsstunden kann, besonders bei jungen Blattern, 
bereits wiedcr Ansauerung eintreten. Die Saureschwankungen sind also 
nicht nur von ausseren, sondern ebenso stark von inneren Faktoren ab- 
hangig, aber die ausgesprochen qualitativen und quantitativen Unterschiede 
des taglichen Saurestoffwechsels versehiedener Blatter zeigen sich nicht in 
jahreszeitlichen Schwankungen. Schimoer mcinte, dass das Licht ohne 
Einfluss auf die Bildung des Kalkoxalats in chlorophyllfreien Blattteilen 
ist. Die Bildung des sog. sekundaren Kalkoxalats ist demnach zwar ab- 
hangig von Licht und Chlorophyll, aber nicht von der Assimilation. 

Spoehr hat nun festgestellt, dass in Quarzgefassen der Sonne oder 
dem Quecksilberdampflicht ausgesetzte wasserige Lbsung organiseher Sauren 
langsam zerfallt. lm Destillat einer belichteten wasserigen Apfelsaurelosung 
(and er neben CO.» Ameisen-, Essig-, Glykol- und Oxalsaure, forner Acet- 
und Formaldehyd. Ingiiilleri hat ebenfalls durch Belichtung von Form- 
aldehyd und Oxalsaure unter Mitwirkung eines Katalysators eine Monose 
erhalten. 

Temperatur . 1875 wies A. Meyer darauf hin, dass niedrige Tempera- 

turen Vermehrung des Oxalsauregehalts in den Pflanzen hervorriefen. 
Nach mehreren Forschern (de Vries, Kraus usw.) tritt, wie oben erwahnt, 
wahrend der Verdunkelung schnelle Saureabnahme bei gleichzeitigcr Er- 
warmung ein. 

Stickstoff. Benecke hat die von Wkhmer an Pilzen gemachte Er- 
fahrung an griinen Pflanzen bestatigt, indem er die Pflanze zwang, ihren 
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die an diese Fragen mit der neueren Mikromethode herangehen. Als 
Versuchsobjekte hohere griine Pflanzen wahlend, gebe ich die Ergebnisse 
unter einem gemeinsamen Titel in einer Reihe wieder. In dieser ersten 
Mitteilung wird zunachst die Reihenfolge des Sauregehalts im ganzen 
Korper von Begonia Evansiana Andr. behandelt. 

II. MATERIAL UNI) KULTURMETHODE. 

Als Versuchspflanze diente mir Begonia Evansiana Andr., in der fast 
ausschliesslich Oxalsaure gebildet wird. In den folgenden Versuchen wurden 
aber Bulbillen als Ausgangsstadium zur kiinstlichen Kultur benutzt, weil 
(lurch Vorversuch sowohl an Knollen als auch an Bulbillen, gleichgiiltig 
ob sie jungen und noch griin, oder schon alt und schwarzbraun waren, 
koine Spur von Oxalsaure nachzuweisen war. In den iibrigen Pflanzen- 
leilen, wie Blattern, Stengel, Bliiten, und Kelchblattern usw., wurde sie 
dagegen dcutlich nachgcwiesen. Um diese Saure nachzuweisen, wurden 
Sr- und Ca-Nitratlbsung als Reagenz, oder die Mikrosublimationsmethode 
verwendet, woriiber spater noch naher gesprochen werden wird. 

Naoh der Roifung wurden Bulbillen, die schon Knde Herbst schwarz- 
braun werden, gesammelt und gesiebt, um moglichst gleichmassig grosse 
zu bekommen; in feuchten Quarzsand gesat, der vorher gut mit Salzsaure 
behandelt und danaeh mehrmals mit destill. Wasser gewaschen war, dann 
im F^isschrank gehalten, (lessen Temperatur stets etwa 10°C betrug. Im 
folgenden Jahre wurden die Bulbillen je nach Bediirfnis aus dem Eissehrank 
genommen und in Wasserkultur gesetzt. Als Kulturgefass diente hauptsach- 
lich die sog. Alkaliflasehe mit etwa 100 ecm Inhalt. Die Gefasse wurden 
zunachst in Chromschwefelsaureldsung iiber Nacht getaucht und nachher 
mit Wasser gut gewaschen. Die Aussenseite der Gefasse wurde zuerst 
mit schwarzer Fmiaillefarbe, die das Wurzelsystem vor Lichtzutritt schiitzt, 
und dann mit weisser bestrichen, um die Absorption der Sonnenstrahlen- 
warme zu verhindern. Im allgemeinen wurde in jedes Gefass je eine Kultur 
gepflanzt. Moistens standen die Kulturen im Gewachshaus in moglichst 
heller Beleuchtung. Alle Versuchpflanzen wurden in O.l^iger KNOPscher 
Nahrliisung (ohne KC1) geziichtet: die Lo.sung wurde etwa alle ein oder 
zwei Wochcn erneuert, damit die Pflanzen wahrend der ganzen Versuchs- 
dauer eine ziernlich gleichmassige Zufuhr von Nahrlosung geniessen konnten. 
In dieser Nahrlosung gedieh Begonia Evansiana sehr gut, und zwar bis 
zum Ansetzen der Bliiten. 
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III. sAurebestimmungsmethode. 

Vor kurzem untersuchten Ruhland und seine Mitarbeiter den Saure- 
stoffwecbsel von Begonia semperflorens und Rheum hybridum Hart . u. a. 
nach einem neuen genauen analytisehen Verfahren, das aber bis heute 
noch nicht veroffentlicht worden ist. Nach langen Vorversuchen, die in 
Begonien frei oder gebunden vorkommende Oxalsaure zu bestimmen, fand 
ich die Mikrosublimationsmethode als fur meine Zwecke am geeignetsten. 
Mit dieser Methode gelang es scbon Klein und Werner freie und ge- 
bundene Oxal-, Bernstein-, Apfel-, Wein-, und Zitronensaure im pflanzlichen 
Gewebe voneinander zu trennen und qualitativ naehzuweisen. Sie unter- 
nahmen auch den Versuch, die Mcthodik auf gravimetrischem Wege 
quanfitativ auszubauen, woriiber wir aber bis jet/.t noch nichts Naheres 
gehort haben. Fiir unseren Zweck wurde der Apparat zur genannten 
Sublimationsmethode etwas verbessert, was uns veranlasste, die Oxalsaure 
quantitativ wieder zu linden. Bei dieser Methode zersetzt sich die Oxal- 
s’aure nicht vollstandig. 

Die Sublimate bestehen in der Regel am Anfang der Sublimation aus 
langeren Prismen, die bald in kleinere Kristallehen zerfallen. Wenn das 
Material nicht so gross war, betrug die Ausbeute ca. 99 %. (Tabelle 1). 

Tabelle 1. 

Heine Oxalsaure. 


Nummer drs 

Gewirht der , 

Gefundrne 

Prozent 

Schalchens 

Oxuls&ure (a) 

1 i 

Oxalsaure (k ) 

1 

o.oooms 

0.000750 

99.7:$ 

2 

0.001297 

0.001287 

, 99.22 

a 

0.001820 

0.00*812 

99.07 

4 1 

0.002291 

0.002259 

98.61 


0.002201 ; 

0.002261 

98.20 

6 i 

0.002409 

0.002412 

j 97.72 


A. Apparat. 

Der Sublimationsapparat aus hartem Glas besteht aus einem Mantel 
(M), einem mit Thermometer versehenen Tubus (T) und einseitiger Tubulie- 
rung zum Evakuieren (G), und einem Kiihler (K), der in den konischen 
Hals des Mantels vakuumdicht eingeschliffen ist. Im Kiihler sind zwei Glas- 
rohrchen eingeschmolzen, von denen das eine, bis zum Boden des Kiihlers 
reichende, zur Wasserzuleitung (a), das kiirzere zur -ableitung (b) dient. 
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Um die Geschwindigkeit des Wasserstroms von aussen her leicht schatzen zu 
konnen, wurden zwei oder drei Gummistiickchen auf den Boden des Kuhlers 
gelegt. Die geschliffenen Teile des Kuhlers sowie der konische Hals des 
Mantels wurden mit dem pulversierten Graphit eines Bleistifts (BBB oder 
BBBB ist geeignet) vakuumdicht gehalten. Vaselin oder wasserfreies 
Lanolin sind fur diesen Zweck nicht so geeignet wie der Graphit des 
Bleistifts, weil beidc bei Warme schmelzen und beim Herausnehmen des 
Kuhlers leicht am Rand des Deckglases, das zur Aufnahme der Sublimate 
auf der ausseren Seile des ebenen Bodens des Kuhlers festgemacht wurde, 

kleben bleiben. 

Am Tubus (T) 
wird der Thermo¬ 
meter montiert, mit 
dem die Temperatur 
der Eisenfeilspane 
(E) gemessen wird. 
Meiner Erfahrung 
nach betriigt der 
IJnterschied der 

Temperatur zwischen 
Eisenfeilspanen und 
Paraffinolbad ge- 
wdhnlich H()-5() r C, je 
naeh der Starke des 
Brenners. Nachdem 
man den Thermo¬ 
meter auf den Tubus 
gesetzt hat, zieht man 
unter verm inder tern 
Druck die konzentri- 
erte Kollodionlosung 
auf den Kork und 
den benachbartenTeil 
des Tubus iiber. Der 
, Kautsehukschlauch, 

Fig. J. Apparat zur Mikrosubhmation unter verminder- . 

torn Druck. der bei der tvakuie- 

rung verwendet wird, 

muss vorher einem kiinstlichen Alterungsprozess unterzogen werden, wozu 
man einen neuen Kautsehukschlauch zuerst eine Zeit lang in verdiinnte 
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Natronlauge legt und 1-2 Stunden lang aus einem Dampfentwickler lebhaft 
Wasserdampf hindurchstroichen lasst. 

Zur Aufnahme des Versuchsmaterials dient ein flaches Schalrhen 
(Durchmesser 28 mm), das aus 0.3 mm starkem Kupfer- oder Platinblech 
hergestellt wurde. Zum Auffangen des Sublimats wird ein rundes Deckglas 
(38 mm) verwendet, das mit einem Tropfen wasserfreien Glycerins an der 
ebenen untersten Kiihlflache angeklebt wird. Der Abstand vom Boden 
des Schalchens bis zum Deckglas soil 1-5 mm betragen. Um das Festsitzen 
des Kupfer* oder Platinschalchens zu sichern und um die Warmeleitung 
zu beschleunigen, befinden sich am Boden des Mantels feine Eisenfeilspane. 
Da aber diese Eisenfeilspane manchmal mit schmierigen Substanzen gemischt 
in den Handel kommen, so muss man sie vorher mit Ather mehrmals 
reinigen. Die vollstjindig getrockneten Eisenfeilspane legt man auf den 
Boden des Mantels und steckt dahinein die Kugel des Thermometers. 

Der Apparat wird zum bequemen Gebrauch auf einem Static befestigt. 
Das Anheizen geschieht in einem Paraflinolbad, wobei der untere Teil 
des Apparats 3 cm tief eingetaueht wird. Die seitlkhe Tubulimmg des 
Mantels (G) fiihrt mit einem Kautsrhuksehlauch unter Zwisehenbindung 
des sog. Trockenapparats mit Kalziumchlorid, desgleichen mit Natronkalk 
und des Manometers, zu der Cenco Hyvac. Pumpe. 

B. Verlauf der Sublimation. 

Etwas Vcrsuchsmalcrial wird in ein Kupfer- oder Platinschalchen gelegt, 
genau gewogen und, wenn Salze der Oxalsaure in Frage kommen, je nach 
dem Gewicht des Versuchsmaterials mit einigen Tropfen konzentrierter 
Phosphorsaure versetzt, mit der Nadel fein zerzupft und bei 60 V 15 
Minuten lang getrocknet. Dabei muss man voisichtig sein, nicht zu vie! 
Phosphosiiure hinzuzufiigen. Das so bchandelte Schalchen wird mit einer 
langen Pinzette auf die Eisenfeilspane stellt. ZunLichst wird das voiher 
gewogene Deckglas mit einem Tropfen wasserfreien Glyzerins an der 
ebenen untersten Kiihlflache angeklebt. 

Der Kiihler wird in einen Mantel gesteckt, Wasser zugeleitet und dann 
der Boden des Mantels 3 cm tief ins Paraffinolbad eingetaueht. Zum 
Evakuieren des Mantelraums wird ein Motor angetrieben, bis der Innen- 
druck 5 mm betragt, danach wird der Apparat bis auf 100°C erhitzt und 
erst dann der Brenner reguliert, um die Warme 30 Minuten auf 110°C 
zu halten. Um den Luftstrom zu erzeugen, wurde wahrend dieser Zcit 
der Motor alle 5 Minuten etwa eine Minute lang angekurbelt. Nach 30 
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Minuten langem Sublimieren unterbricht man die Erhitzung, nimmt den 
Apparat aus dem Paraffinolbad und lasst ihn auf Laboratoriumstemperatur 
abkiihlen. Erst dann wird durch zwei sog. Trockenapparate langsam Luft 
eingeleitet (wenn man sie schnell einleitete, wiirden die Eisenfeilspane 
hochfliegen und sich ans Deckglas ansetzen) und mit Vorsicht der Kiihler 
aus dem Mantel herausgenommen. Das Deckglas wird vom Kiihler ab- 
genommen, die vom Sublimat beschlagene Seite nach oben gelegt und 
das Glyzerin zunachst mit nasser und dann mit trockner Gaze und zum 
Schluss nochmals mit Hirschleder gut abgcwischt. Das so bearbeitete 
Deckglas mit Sublimat legt man in eine Schale von 45 mm Durchmesser, 
deren Boden mit schwarzem Papier bedeckt ist, und lasst sie im Wage- 
zimmer eine Stunde lang stehen und wiegt dann genau. 

Das vermehrte Gewicht ist als die gesuchte Gesamtmenge reiner 
Oxalsaure, die sich in freier oder gebundener Form im Versuchsmaterial 
vorfand, anzusehen. Dass dieses Sublimat von reiner Oxalsaure herriihrt, 
kann man leicht durch cine Sr(NO : ,) 2 - oder Ca(NO : «M..6sung nachweisen, 
weil das Sr- oder Ca-Salz der Oxalsaure sehr charakteristisch ist. Die 
Sublimate erhalt man auf dem Deckglas als scharf umgrenzte, kreisformige 
Beschlage von etwa 27 mm Durchmesser. Da das Deckglas an der Kiihl- 
lache von 33 mm Durchmesser angeklebt war, so ist es hochst wahrschein- 
lich, dass fast restlos kein seitliches Ausstreichen der Dampfe erfolgen 
konnte. Eine Zersetzung oder Verfliichtigung der einmal an der Vorlage 
niedergeschlagenen Sublimate durch Temperaturerhohung fallt hier begreif- 
licherweise weg. Um die Sauren der gebundenen Form durch Sublimation 
rein darzustellen, fiigt man zur Abspaltung der Salze konzentrierte Phos¬ 
phorsaure hinzu, wodurch keine Zersetzung der Substanzen eintritt, sodass 
im Sublimat dasselbe Produkt wie bci der freien Saure zu finden ist. Die 
Empfindlichkeit bleibt dieselbe wie bei der freien Saure und wird von der 
Schwankung der Sublimationstemperatur nicht beeinflusst. Die Ausbeute 
aus den Oxalsaureverbindungen betragt z. B. beim Oxalammon (neutr.) 
99.02^, beim Kaliumoxalat (neutr.) 98.51 % und beim Kalziumoxalat 
98.09 96 . 

Die Ausbeute aus reiner, mit Phosphorsaure versetzter Oxalsaure betragt 
98.85 °/o. Der Kontrollversuch, bei dem durch Zusatz von 5 qmm Filtrier- 
papier auf reine Oxalate und Phosphorsaure ein den natiirlichen Pflanzen- 
geweben mbglichst ahnlicher Zustand geschaffen wurde, gab ganz befrie- 
digende Ausbeute: bei Oxalammon (ijeutr.) 98.62?/*, bei Kaliumoxalat (neutr.) 
98.72 °/o und bei Kalziumoxalat 98.09^. 

Zusatz von Phosphorsaure hat hier neben der Aufspaltung der Oxalate 
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noch den Vorteil, dass dadurch das Gewebe in einen homologen Brei 
verwandelt wird, bei dem die Sublimation leicht vt>r sich geht. Durch 
diese Methode ist es leicht, die unloslichen Oxalate von den loslichen zu 
trennen, indem man die loslichen Saureanteile durch 10-15 Minuten langes 
Kochen im destill. Wasser auszieht. 

IV. V EKSUCHSERGEBNISSE. 

Versuch 1. 

Die Versuehspflanzen wurden im Gewachshaus hinter aus Phragmites- 
Stengeln hergestellten Vorhangen kultiviert, am sie vor zu starkem Licht 
zu schiitzen. Gcwohnlich wurden dabei fur jede Reihe, mit Ausnahme 
ganz weniger Falle, drei oder vier Individuen genommen. Es ware gerade 
fiir unseren Zweck wiinschenswert gewesen, naeh dem Kulturbeginn alle 
zwei oder drei Wochen die Schwankungen des Sauregehalts der Versuchs- 
pflanze zu verfolgen; leider geschah es aus ganz ausserlichen Griinden 
nicht, sodass es noch Aufgabe spaterer Forschung bleibt. Tabelle 2 stellt 
das Ergehnis aus dem Individum naeh 48 Tagen Ziichtung (vergl. Fig. 2) 
dar. Die Zahlen gebcn die Gesamtmenge der Oxalsaure sowohl aus 
loslichen als aus unloslichen Oxalaten. Zwischen den einzelnen, unter ganz 
gleichen Bedingungen lebenden Individuen war in bezug auf ihren Saure- 
gehalt nur kleiner Unterschied wahrzunehmen. 

Aus umstehend angegebenen Zahlen ersieht man, dass der Sauregehalt 
des Blattstiels immer grosser als der der Blattspreite ist, wahrend er im 
Stengel bedeutend gcringer als in den Blattern ist. Weiter kann man 
sehen, dass er in ganz jungen Blattspreiten und Blattstiolen geringer als 
in massig gewachsenen ist. In jedem Falle ist aber sowohl bei Blattspreite 
als auch bei Blattstiel die allgemeine Neigung zur Abnahme des Saure¬ 
gehalts entsprechend der Reihenfolge der Knoten von der Basis naeh der 
Spitze zu wahrzunehmen. Was den Sauregehalt des Stengels einsehliesslich 
der betreffenden Knoten betrifft, so liegt es damit gerade umgekehrt, er 
nimmt von der Basis naeh der Spitze hin zu. Diese Beziehung ist aus 
der letzten Spalte der Tabelle 2 oder aus Fig. 3 ersichtlich, wo der 
Sauregehalt im Prozentsatz zum Frischgewicht angegeben ist. 

Ein ganz ahnliches Verhaltnis findet sich bei den weiter entwickelten 
und schon zur Bliite gekommenen Individuen, wie Fig. 4 den prozentualen 
Sauregehalt der 98 Tage lang kultivierten Pflanzen wiedergibt. Der 
Sauregehalt der vollstandig entwickelten Bliite ist geringer als der der 
halb entwickelten. Trotzdem ist er in der Blutenknospe sogar geringer 
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Tabelle 2. 

Der Sauregehalt versehiedener Pflanzenteile von Begonia Evansiana 
Andk. nach 48 tagiger Ziichtung im Gewachshaus. 


Nummcr He** 
Sohalrhens 

1 

| Pflanzenteile 

| Frischgewirht 
jdes Materials (g) 

Gefundcne 
OxalsMure (g) 

Prozent 

1 

lste Blattspreitc 

| 0.123G15 

0.000610 

0.4922 

o 

»» 

| 0.194570 

0.000927 

0.4763 

3 

## 

0.159790 

0.000851 

0.5325 

4 


; 0.245715 

0.001292 

0.5258 

5 


i 0.272425 

0.001402 

0.5146 

38 

2te Blattspreitc 

1 0.110493 

0.000525 

0.4751 

25 


| 0.150767 

0.000749 

0.4972 

26 

.. 

1 0.103492 

0.000835 

0.5107 

27 


0.120530 

0.000599 

0.4973 

28 


! 0.188270 

0.000764 

0.42SS 

•« 


1 0.217355 

0.000905 

0.4103 

4:: 

M 

; 0.196400 

0.000782 

0.39S5 

40 

3te Blattspreitc 

' ri.io2i.so 

(‘.000160 

0.2027 

47 

M 

; 0. 

0 000 39 

0.3655 

18 

.. 

0.115902 

0.000188 

0.:i:U4 

49 ; 

.. 

0.159595 

0.000547 

0.3427 

50 i 

.. 

0.225015 

0.O00675 

0.2991 

51* j 

M 

0.216920 

0.000703 ! 

0.3090 

52 ; 

.. 

0.279565 

0.000816 

0.2915 


4te Blattspreitc 

0.080910 

0 000294 

0.3633 

33 \ 

» 

0.170501 

0.000691 ; 

0.3913 

20 

5te Blattspreitc 

j 0.107082 j 

0.000175 

0.1632 

21 

,» 

0.140310 

0.000358 j 

0.1489 

0 

Ister Blattstiel 

! 0.093715 | 

0.000512 , 

0.5462 

lf> 

M 

! 0.108370 

0 0005 W 

0.5522 

41 

2tcr Blattstiel 

0.127005 j 

0.000652 

0.5109 

45 

.. 

! 0.124100 

0.00C620 

0.5044 

53 

3ter Blattstiel 

1 0.219483 j 

0.000888 

0.4045 

34 

4ter Blattstiel 

0.057050 

| 

0.000223 | 

0.3863 

0;j 

5ter Blattstiel 

0.008180 

0.000168 1 

0.2162 

3i 

70 

75 » 

Stengel einsrhliesstich 
Ister Knote 

2tcr Knote 

0.052870 | 
0.205330 | 
0.205310 

0.000133 

0.000307 

0.000574 

0.2515 

0.17S3 

0.21G2 

71 ! 

3tcr Knote 

0.101267 

0.000488 

0.3023 

54 | 

4ter Knote 

0.173015 

0 000606 

0.3502 

37 i 

i 

oter Knote 

0.132432 

0.000588 

0.4440 
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Fig. 2. Die Pflanze nach 48 Tugen Zliehtung. Die Numrncr be/ioht 
sieh auf das SchSlehcn, in welchetn der betreffende Pflanzenieil aufgcnoinmen 
wurde. x'/.-N. G. 


als in der vollstiindig entwickelten Bliilo. Im Gegensatz /um BlattsticI 
und zur Blattspreite verhalt sich der Siiuregehalt im Bliitensliel zu deni 
der eigentliehen Bliite gerade umgekehrt, indem jener eben geringer als 
dieser war. 




Stengel einschlieBIich 
Knoten 

Hlatlstirl 

Blattspreite 


Nummer der Knoten von unten. 


Fig. 3. Der Siiuregehalt verschiedener Pflanzenteile von Begonia Kransiana 
Andr. (vergl. Tabelle 2.) 
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Fig. 4. Der Sauregehalt \ erschiedenor Pflanzenteile von Begonia Emnsiana 
Andr. nach 98 tSgiger Ztirhtung im GewSchshaus.^ 

Es ist aber zu betonen, dass der Sauregehalt der Bliiten im allgemeinen 
viel grosser als der aller anderen Teile des Pflanzenkorpers war, soweit 
meine Versuche reichten. Bei diesem Individuum ist, statt des Saure- 
gehalts des Internodiums einschliesslich der Knoten, der der Knoten allein 
bestimmt, weil die Saure sich in den Knoten viel reicher als im Intermedium 
lindet. Der Sauregehalt nimmt in den Knoten von der Basis nach der 
Spitze hin zu. In untersten Stengelteil, der dem Bulbillum am nachsten 
steht, findet sich ganz wenig Saure. 

Versuch 2. 

Die jungen Pflanzen wurden aus dem Eisschrank genommen, gleich in 
ein Kulturgefass gesetzt und im Keller unter Lichtabschluss wciter kultiviert. 

Dabei wuchs die Pflanze mit iiberlangem, elfenbeinweissem Stengel, 
nur die Knoten waren rot, und die gelben Blatter waren sogar nach dem 

J) Es fehlt fUr den Istcn Knoten die Angabe de» Sauregehalts sowohl im Blattstiel als 
auch in der Blattspreite gerade da rum, weil das Blatt vorzeitig zu Grunde gegangen 


war. 
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Ablauf von 40 bzw. 44 Tagen noch nicht entfaltet. In Fig. 5 sind die 
Ergebnisse der Versuche mit den Pflanzen Nr. 70 (40 Tage Zuchtung), 
Nr. 64 (44 Tage Zuchtung) und Nr. 60 (79 Tage Ziichtung) wiedergegeben! 

% 



Bulbillum I II HI IV V 


Nummor der Knoten von unten. 

Fig. 5. Reihenfolge des S&uregehalts von Begonia Evamiana An DR. im 
Dunkeln. Nr. 70 (40 Tage ZUchtung) Nr. 64 (41 Tage Zlkhtung) Nr. 60 
(79 Tage Ztiehtung) 

Aus dieser Figur kann man vor allem sehcn, dass der prozentuale 
Sauregehalt im Stengel einschliesslich des Knotens, des Blattstiels und der 
Blattspreite von der Basis nach der Spitze hin zunimmt. Weiter ist es 
offenbar, dass sich diese Zunahme besonders in der Spitzenzone mit der 
Dauer der Zuchtung vergrossert, sodass der Sauregehalt bei der Pflanze 
Nr. 60 am grossten ist und danach bei Nr. 64 und dann bei Nr. 70. 

Im Gegensatz dazu verhalt sich der Sauregehalt am 2. Knoten gerade 
umgekehrt. Diese Tatsache spricht wahrscheinlich dafiir, dass die aus den 
Reservestoffen gebildete freie oder gebundene Saure, oder daran kausal 
gebundene Vorgange gerade nach den starker wachsenden Korperteilen hin 
verschoben werden. Die Folge davon ist, dass die Kurve des Sauregehalts 
mit der Kulturdauer steiler, aber glatter verlauft. 

Schliesslich ist aus Fig. 5 ersichtlich, dass die Oxalsaure sogar in 
Bulbillum (der Pflanze Nr. 70) nachweisbar war. Diese auffalende Er- 
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scheinung wird uns nur dadurch begreiflich gemacht, dass sie mit den 
Stoffwechselvorgange bei der Entwicklung im Zusammenhang steht. 


Versuch 3. 

Um zu erkennen, ob und* wie die Assimilation der Kohlensaure die 
Saureanhaufung beeinflusst, warden die Versuche mit nachstehender Vor- 
richtung ausgefiihrt. Die Luft wurde zuerst durch ein 55 cm langes 
Glasrohr von 2.5 cm weitem Durchmesser, das mit Natronkalk gefiillt war, 
und durch zwei Flaschen, die mit je 1 I konzentrierter Kalilauge gefiillt 
waren, und weiter durch eine mit Barytwasser gefullte Flasche durchgeleitet, 
um dadurch C0 2 freie Luft mit beinahe konstanter Stromgeschwindigkeit 
durch eine Glasglocke von ca. 201 Inhalt, in der sich die Versuchspflanzen 
befanden, treiben zu konnen. Zur Kontrolle wurde gewohnliche Luft durch 
ein mit Baumwolle gefiilltes Glasrohr, durch drei Flaschen mit Wasser 
und eine Glasglocke, in der sich die Kontrollpflanzen befanden, durch¬ 
geleitet. Wahrend der ganzen Versuchsdauer wurden die Kalilaugelosung, 
der Natronkalk und das Barytwasser mehrmals emeuert. 

Unter diesen kiinstlichen Bedingungen wuchsen die Versuchspflanzen, 
wegen der mit Wasserdampf gesattigten Luft in der Glasglocke, etwas 
mangelhaft, und die Blattspreite war saftreich, diinn und blassgriin im 
Vergleich zu der frei im Gewachshaus gezogenen Pflanze. Nach dem 
Ablauf einer bestimmten Zeit wurde der Unterschied in ihren ausseren 
Merkmalen zwischen den Versuchs- und den Kontrollpflanzen ganz deutlich 
bemerkbar, und zwar in bezug auf die Grosse der Blattspreite, die Dicke 
und die Lange des Stengels und die Hohe aller Pflanzen usw. 

Nachstehende Figur zeigt das analytische Ergebnis beim Individuum, 
das 183 Tage lang gezuchtet war. Wie man sieht, ist vor allem bei den 
Blattern und den Knoten der Sauregehalt der Kontrollpflanzen viel grosser 
als der in kohlensaurefreier Luft gezogener, und, gegeniiber den geringen 
Schwankungen des Sauregehalts bei den in kohlensaurefreier Luft gezogenen 
Pflanzen in den einzelnen Zonen, nimmt er bei den Kontrollpflanzen von 
der unteren Zone nach der oberen hin stark zu. Diese Neigung war 
ganz unerwartet, denn bei den vorigen Versuchen war es gerade umgekehrt. 
In beiden Fallen ist aber der Sauregehalt des Blattstiels, dem vorigen 
Versuche ganz entsprechend, grosser als der der Blattspreite. 

Nicht weniger unerwartet war auch, dass der Sauregehalt der Knoten 
gerade in umgekehrter Richtung von der Basis nach der Spitze hin abnimmt. 
Diese Erscheinungen konnen auf der Riickwanderung der Saurc in die 
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Fitf. 6. Reihenfolge des SauregrValts in C0 2 freier Luft gezogener 
Pflanzen und von Kontrollpflanzen (1813 Tape Zlichtung). 

; n „S’./pS.'n«n' *»«<**"»• 


Blattstiel. 

Blattspreite. 

Knoten. 


Knollen oder auf entgegengesetzten Stoffwechselvorgangen in diesen Pflanzen 
beruhen, sodass sie im allgemeinen gerade da hatten vorkommen sollen, 
wo nun das Wachstum zum Stillstand kam. Somit ist der Versuch noch 
nicht endgiiltig beendet, und die Frage bleibt noch offen, ob man aus 
dem gefundenen Unterschied des Sauregehalts bei beiden Fallen auf etwaige 
Beziehungen zwischen der Kohlensaureassimilation und dcr Saurebildung 
schliessen kann. 


V. ZUSAMMENFASSUNG. 

1. Der Mikrosublimationsapparat, den schon Klein und Werner fur 
die Trennung und den qualitativen Nachweis organischer Sauren benutzt 
hatten, ist etwas verbessert und die Konstruktion des Apparats nebst dem 
Vorgang der Sublimation naher beschrieben worden. 

2. Es gelang mir mit dieser Methode, die organisr-hen Sauren (hier 
ist nur Oxalsaure beriicksichtigt) in den pflanzlichen Geweben quantitativ 
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zu bestimmen. 

3. Bei der reinen freien wie auch bei der reinen gebundenen Form 
der Oxalsaure konnten wir immer eine ganz befriedigende Ausbeute von 
ca. 99 % wieder gewinnen. 

4. Sowohl bei Bulbillen als auch bei Knoilen von Begonia Evansiana 
Andr. konnte keine Spur von Oxalsaure nachgewiesen werden. 

5. In den iibrigen Pflanzenteilen, wie Blattern, Stengel, Bliiten und 
Kelchblattern usw., fand sie sich dagegen mehr oder weniger reichlich. 

6. Im allgemeinen war der Sauregehalt in den Bliiten am grossten. 
In bezug auf das Mengenverhaltnis dieser Saure in den verschiedenen 
Entwicklungsstadien besteht folgende Reihenfolge: 

Halb entwickelte Bliite>vollstandig entwickelte Blute>Bliitenknospe. 

7. Der Sauregehalt des Blattstiels ist immer grosser als der der 
Blattspreite. Er nimmt aber in beiden Fallen von den unteren Knoten 
her nach der oberen hin allmahlich ab. 

8. Der Sauregehalt im Stengel bzw. im Knoten nimmt bei wachsenden 
Pflanzen von der Basis nach der Spitze hin zu. Im untersten dem Bul- 
billum nachsten Stengelteil ist er nur ganz gering. 

9. Bei den im Dunkel gezogenen Begonien nimmt der prozentuale 
Sauregehalt im Stengel einschliesslich des Knotens, Blattstiels und der 
Blattspreite von der Basis nach der Spitze hin zu, und diese Zunahme, 
besonders in der Spitzenzone, wird mit der Ziichtungsdauer grosser. 

10. Bei den in kohlensaurefreier Luft gezogenen Pflanzen nimmt der 
Sauregehalt der Blattspreite und des Blattstiels vom unteren Knoten nach 
dem oberen hin ab; bei den Kontrollpflanzen dagegen verhalt es sich mit 
dem Sauregehalt gerade umgekehrt; er nimmt von der Basis nach der 
Spitze hin stark zu. 

11. Sowohl bei der in kohlensaurefreier Luft gezogenen als auch bei 
der Kontrollpflanze verlauft die Reihenfolge des Sauregehalts in den 
Knoten ebenfalls in gerade umgekehrter Richtung zu dem der vorigen 
Falle, und zwar nimmt er von der Basis nach der Spitze hin ab. 

12. Diese unerwartete Erscheinung scheint dafiir zu spreehen, dass 
der Sauregehalt je nach den verschiedenen Entwicklungsstadien ganz 
anders ausfallt, und dass beim Wachstumsaufhoren infolge der umgekehrten 
Stoffwechselvorgange sogar die umgekehrte Reihenfolge des Sauregehalts 
bestehen kann. 

Vorliegende Untersuchung entstand auf Veranlassung und unter Leitung 
meines verehrten Lehrers, Herrn Prof. Dr. Y. Yamaguti. Sie wurde im 
Biologischen Institut der Kaiserlichen Tohoku-Universitat zu Sendai vom 
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Fruhjahr bis zum Herbst 1931 ausgefiihrt. Zum Schluss mochte ich 
Herrn Prof. Dr. Y. Yamaguti fur seine Anregung und seine vielseitigen 
Ratschlage meinen herzlichen Dank aussprechen. 
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INTRODUCTION. 

The many detailed investigations on the blood-vascular system of the 
earthworm were made mostly on Lumbriddae , but for investigations on 
Pheretima , one of the most common forms in the orient, references are 
scarcely to be found except for the works of Bahl on Pheretima posthuma 
L. Vaillant (1921) and of Hertling on Pheretima heterochaeta Mich. 
(1921). 

However, the arrangement of the blood-vascular system of Pheretima 
communissima Goto et Hatai appears somewhat different from both 
species mentioned above and therefore I undertook this study to further 
extend my previous work on the physiology of this system (1930). 

material and methods. 

The material employed in the present work was Pheretima communissima 
Goto et Hatai which is one of the most common earthworms in Japan. 

In studying this system both dissection and serial paraffin sectioning 
were employed. As fixatives, sublimate alcohol, alcohol formol and trichlor 
acetic acid mixture after Heidenhain were used. The latter gave the best 
results for my purpose. 


RESULTS. 

I. Observations on the First Thirteen Segments. 

In this portion, the arrangement of the blood vascular system is highly 
modified from the rest of the body owing to the presence of complex and 
highly distributed sexual organs together with the strickingly differentiated 
alimentary canal. For the sake of convenience, I will describe the blood 
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M. Ph. D.V. O.r. B.W. I. Giz. II. III. IV. V. VI. 



Fig. 1. Diagrammatic representation of the blood vascular system of the 
first thirteen segments. 

M.—mouth, Ph.^-pharynx, D.V.- dorsal vessel, Oe.--oesophagus, B.W.—body 
wall, Giz.—gizzard, I.-VI.--hearts, Phry.n.R.— pharyngeal nerve ring, Sub.n.V. — 
subneural vessel, Loe.V. -- lateral oesophageal vessel, V.V— ventral vessel, V.n.C. — 
ventral nerve cord, Supint.V.-supraintestinal vessel, Int. — intestine, C. — clitellum. 

vascular system in the first thirteen segments based on the diagrammatic 
figure (Fig. 1) which was reconstructed from the serial sections. 

A. The longitudinal trunks . 

In this category, the five main vessels may be included ; that is, the 
dorsal, the ventral, the supra-intestinaf, the lateral oesophageal, and the 
subneural vessels. 

a. The dorsal blood vessel. This vessel runs along the dorsal median 
line of the body above the alimentary canal, and is distinctly separated 
from it in the first nine segments, but it lightly attaches to the dorsal 
surface of the intestine with a mesentery between Segment X and XIII. 
The wall of the vessel is thick and muscular, and is able to conduct peri¬ 
stalsis regularly. The foremost part of this vessel passes inside the pharyn¬ 
geal nerve ring and bifurcates in the anterior Segment III. The bifurcated 
branches are remified into the portion of capillaries and distributed over 
the wall of the buccal cavity. 

A pair of branches is given off just in front of each septum. The 
mode of branching in each segment is as follows: 

In Segments III, IV, V, and VI: The dorsal vessel gives off a pair 
of small branches in these segments close to the anterior surface of each 
septum (Fig. 2, B). 

In Segments VII, IX, and X: A pair of branches is given off from 
the dorsal vessel which is fairly larger than those branches given off in 
Segments III, IV, V, and VI. However, a pair in Segment IX is asym¬ 
metrical, and occasionally I found cases in which the one on the left side 
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is absent, while that in Segment X is always paired. These branches will 
be described more in detail in connection with the heart. 

In Segment VIII: A pair of symmetrical branches supplies ramified 
capillaries to the wall of the gizzard, which are seen running longitudinally 
parallel to each other. 

A 


Branch 




In Segments XI, XII, and XIII : From the* dorsal vessel branches off 
a pair of small vessels symmetrically in each segment. The branches 
are very small but their walls are considerably thick and muscular (Fig. 
2, A) and are continuous with the hearts in these s^ments (Fig. 3 and 1). 
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Fig. 3. Diagrammatic figure of the cross section of Segment XII. 



Fig. 4. The connection of the dorsal vessel and the heart in 
Segment XII. (Cross section). 

Conn.V. -^connecting vessel, hearts with the dorsal vessel. 

On the valves in the dorsal vessel and its branches: A pair of well 
developed muscular valves which are directed forwardly, is situated regularly 
just in front of the branching point of the dorsal vessel in each segment 
(Fig. 2, A, B). The valves lie not only in the dorsal vessel, but are also 
found in the branches near their origin from the dorsal vessel and are 
directed centrifugally. 

b. 1 he ventral blood vessel. The ventral vessel is situated between 
the alimentary canal and the ventral nerve cord, in a position opposite 
the dorsal vessel. In Segment II, this vessel bifurcates and distributes 
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over the wall of the buccal cavity and the body wall. From this vessel 
a pair of branches, the ventro-tegumentary vessels, is given off at almost 
the same corresponding position as the branches of the dorsal vessel, 
with exceptions in Segments X, XI, XII, and XIII, in which these branches 
are not to be found (Fig. 1). Besides theses branches, a pair of hearts 
communicates with this vessel just in front of the posterior septum located 
in Segments IX, X, XI, XII, and XIII. There are no valves found along 
the whole length of the vessel. 

c. The supra-intestinal vessels. The supra-intestinal vessels are short 
and extend from Segment X to XIII. These are located beneath the 
dorsal vessel and are intimately attached to the dorsal surface of the in¬ 
testine. Anteriorly the vessels break up into capillaries which in turn 
distribute over the wall of the gizzard, and posteriorly they become con¬ 
tinuous with the hearts in Segment XIII. These vessels are double and 
fuse here and there, though there are wide individual variations as to 
the number and position of fusion. 

The supra-intestinal vessels give off 8-12 branches, or the so-called 
ring-vessels, in each segment. These ring-vessels enter the muscular wall 
of the intestine and become continuous with the lateral oesophageal vessels 
which are situated immediately on the ventro-lateral aspect of the alimentary 
canal. It seems certain that these vessels branch and fuse at several places 
in the wall of the intestine, because the number of the connections with 
the supra-intestinal and the lateral-oesophageal vessel varies even in the 
same segment. In addition to the ring vessel, the hearts are connected 
with the supra-intestinal vessels in Segments XI, XII, and XIII. This 
vessel has no valves. 

d. The lateral oesophageal vessels. These vessels aie two parallel 
longitudinal trunks and are situated on the ventro-lateral aspect of the 
alimentary canal in the first thirteen segments. In the first nine segments, 
the vessels are distinctly separated from the alimentary canal and in Seg¬ 
ment III each vessel bifurcates at the lateral side of the pharyngeal nerve 
ring, while those in Segments X, XI, XII, and XIII are intimately attached 
to the intestine. From Segment XIV on, the vessels again separate from 
the intestine gradually, and the larger vessel which is situated on the 
right side runs around the ventral vessel and the ventral nerve cord, 
uniting itself to the subneural vessel at the region just in front of the 
posterior septum in Segment XIV, while the smaller vessel situated on 
the left side ends in capillaries which distribute over the body wall. The 
left vessel does not seem to become continuous directly with the subneural 
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Fir. 5. This picture shows the connection of the lateral oeso¬ 
phageal vessel and the suhneural vessel. (Cross section). 

vessel as in the case of the right vessel (Fig. 5). 

Similar as the other longitudinal vessels, the lateral oesophageal vessels 
give off many branches; one branch unpaired is issued outwardly in each 
of Segments IX, X, XI, XU, and XIII, and again a pair is found in each 
of Segments IV, V, VI, VII, and VIII, one of which runs inside, the other 



The suhneural vessel in Segments VII and VIII. 
(Frontal Heel ion \ 


Fig. 6. 
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being outwardly directed. These small vessels branch off at the region 
situated in front of the posterior septum in each segment. These vessels 
lack valves and furthermore these two lateral oesophageal vessels show 
no direct connections with each other at any place. 

e. The subneural vessel. In this species, the subneural vessel which 
is located just beneath the ventral nerve cord, runs continuously in a 
fairly zigzag manner from the tail end to the head. It is considerably 
smaller in the first thirteen segments and ramifies into two branches in 
Segment II. 

A pair of branches is given off asyinmeterically before the posterior 
septum in each segment (Fig. 6). No valves are observed in this vessel 
and in its branches. 


B. The hearts. 

There are altogether six pairs of hearts in Pheretima communissima. 
Segments VII, IX, X, XI, XII, and XIII contain a pair, respectively. As 
seen from Fig. 1, not all pairs of hearts show connection with the same 
vessels, and, in addition, the valves within the hearts show also differences 
in different segments. I shall describe each heart separately. 

In Segment VII: The heart in this segment connects the* dorsal and 
the lateral oesophageal vessels in the posterior of this segment. A few 
small vessels are branched off from the hearts and distribute over the 
wall of the alimentary canal. 

The muscular wall in the lower part is thin and poorly developed but 
in the upper part it is considerably well developed. A pair of valves is 
found in the middle region as well as in the origin from the dorsal vessel, 
but there are valves in the lower part as in the other hearts. 

The mode of connection of the lower part of the hearts in this segment 
and the number of small vessels which are branched off, vary with the 
individual as will be described in detail in a subsequent paragraph. 

In Segment IX : The hearts connect the dorsal with the ventral vessel 
directly below. Generally, these hearts are pain'd but the right one is 
larger and its muscular wall is better developed than the left one which 
is very slender and with a poorly developed muscular wall. 

Two pairs of valves which are directed downwardly are situated, one 
pair in the most upper part and the other in the lower expanded region. 

The variations which occur in this heart are presented in the following 
paragraph. 

In Segment X : A pair of hearts join the dorsal with the ventral 
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vessel in front of the septum of Segment X/Xl. Their connection with 
the supra-intestinal vessel is not distinct in this species. 

The walls of the hearts are fairly well developed on both sides, but 
the vessels are slender like those in Segment VII. In general, the left 
vessel is more slender than that of the* right side;. 

In Segments XI, XII, and XIII : A pair of hearts is found in these 
segments. The* mode of connection differs considerably from all the others 
so far described owing te> the fact that, dorsally the; hearts in these' seg¬ 
ments are continuous both with the* dorsal and the supia-inte»stinal vessels 
as shown in the figures 2 and 4. 

Ventrallv the heart becomes continuous with the ventral vessel in exactly 
the same relative position to the posterior septum as dorsally. The lowest 
part of the vessel shows an expansion of fair degree (Fig. 7). 



Suh.n.V. 

Kitf. 7. The* i*onn<»rtion of the* heart and the ventral v«*ssi*l in 
Segment XIII. (( ross s<*< tion ). 

The hearts are larger in caliber, possessing a thick and well developed 
muscular wall and in fact the contractile force is stronger than in the 
hearts in other segments. 

A pair of valves directed downwardly is situated not only at the con¬ 
necting region of the hearts with the supra-intestinal vessel as well as in 
the branches which are communicated with the dorsal vessel, but also in 
the lower expanded region in each segment (Fig. 3, 4 and 7). 
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II. Behind the Thirteenth Segment. 

The blood vascular system behind the Segment XIII is relatively simple 
in comparison with that of the first thirteen segments, because the number 
of specialized organs is very few, and, in addition, these are arranged 
metamerically in nearly all segments. In this posterior region, there are 
found three longitudinal trunks, i.e. the dorsal, the ventral and the sub- 
neural vessels in the same relative positions as noted in the first thirteen 
segments. Fig. 8 shows the semidiagrammatic representation of general 
arrangement of the blood vascular system in the middle region of the body. 

a. The dorsal 
vessels This vessel 
as a continuation 
of the dorsal vessel 
found in the first 
thirteen segments also 
runs along the mid¬ 
dorsal line and at¬ 
taches intimately to 
the alimentary canal 
with a mesentery 
from Segment XV. 

In the last segment 
the vessel first bifur¬ 
cates and then sub¬ 
divides into capillar¬ 
ies. The dorsal vessel 
receives a pair of 
commisural vessels 
from a dorso-lateral 
aspect in the most anterior part of each segment (Fig. 9). Besides these, 
two pairs of dorso-intestinal vessels join the dorsal vessel in a ventro-lateral 
aspect. The first pair entering one third of the distance from the anterior 
end of the segment and the other entering in a position two thirds distant 
(Fig. 10 and 11). But in the last segment of the body there is only one 
pair of dorso-intestinal vessels arising in the anterior one third portion. 
In Segment XIV, only one pair of dorso-intestinal vessels is found and the 
commisural vessel is aparently absent. 

The wall of this vessel is well developed and flu peristalsis traverses 


Anterior <- 
B.W. 


d.v. n.i.v. 



Sep 


V.t.V. 


Fig. 

system 

D.I.V. 

V.I.V. 

vessel. 


8. Diagram representation of t! e Mood vAseulnr 
in the middle region of the body. 

—dorso-intestinal vessel, Comm.V.- commisural vessel, 
— ventro-inteMinal vessel, V.T.V.--ventro-tegumenlary 
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Fig. 9. Connection of the dorsal vessel and the 
commihural vessel. (Cross section). 

Comm.V. 



Fig. 10. Connection of the* dorsal vessel and the 
dorso-intestiuul vessel. (Cross section). 



Fig. 11. Sagittnl section of the dorsal vessel in 
the posterior region of the lx>dy. 


from the posterior to the 
anterior. 

A pair of interseg- 
mental valves which are 
directed forwardly is situat¬ 
ed in the posterior part 
of each segment with the 
exception of the last one. 
In addition, there is a 
pair of valves each at the 
entrance of the commisural 
and the dorso-intestinal 
vessels into the dorsal 
vessel. 

b. The ventral vessel. 
The ventral vessel runs 
along the median ventral 
line and is attached to 
the intestine with a me¬ 
sentery. Posteriorly it be¬ 
comes slender and finally 
ends in capillaries. 

This vessel gives off a 
pair of ventro-tegumentary 
vessels at the posterior 
part in each segment. The 
main vessel of the ventro- 
tegumentary vessel passes 
through the septum and 
enters the succeeding seg¬ 
ment in which it branches 
off and sends many small 
vessels to the body wall. 
Another large branch 
which originates from the 
ventral vessel dorsally at 
the middle of the each 
segment is the ventro- 
intestinal vessel. It passes 
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diagonally upwards along the mesentery and becomes continuous with the 
intestinal blood plexus. In the last segment, there is no ventro-intestinal 
vessel. 

The wall of the ventral vessel is thin and has no valves in it. 

c. The subneural vessel. Among the longitudinal trunks, that of the 
subneural vessel is the most slender and runs along the mid-ventral line 
with a zigzag course beneath the ventral nerve cord as its name indicates. 
In the last segment it breaks up into capillaries. Two pairs of branches 
arise from this vessel: a larger pair connects the dorsal and the subneural 
vessels at the most anterior part of each segment and forms the commisural 
vessel while a smaller pair branches in the posterior one third portion of 
each-segment and distributes well over the body wall, though in the last 
segment only a pair of com¬ 
misural vessels is present. 

d. The commisural vessels. 

The commisural vessels branch 
from the subneural vessel at the 
anterior end of each segment 
and pass upwards on the posterior 
face of the respective septum. 

As is shown in Fig. 12, it sends 
a branch mcxlially which bifurcates 
and becomes continuous ultimately 
with the intestinal blood plexus. 

The main vessel continues to run 
almost entirely along the margin 
of the septum giving off some 
branches to the body wall, and finally enters the dorsal vessel in the 
dorso lateral region as was described above. 


D.V. 



Kip. 12. Diagram figure of the commisural 
vessel. 

Typhl. -typhlosoral vessel. 


VARIATIONS. 

Altogether several minor variations are noticed in relation to the 
arrangement of the blood vascular system. Those in the hearts of Seg¬ 
ments VII and IX are most predominant. 

Generally, there is a pair of symmetrical hearts in Segment VII, but 
occasionally in some individuals the left or the right heart is absent. 
The hearts of this segment continue with the lateral-oesophageal vessels 
in the manner as was described above, but in some cases they become 
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continuous with the ventro-tegumentary vessel directly instead of with the 
lateral oesophageal vessel (Fig. 13, B). Although the hearts exhibit a 

single tube, I found an individual with a 
portion of the heart, usually the ventral por¬ 
tion, though the exact location was variable, 
splitting and twisting on itself. This ventral 
portion of the heart was like a duplex twisted 
tube. In addition, one of these divided hearts 
became continuous with the lateral-oesopha¬ 
geal vessel and the other with the ventro- 
tegumentary vessel directly (Fig. 13, A). The 
valves at the junction of the heart and the 
dorsal vessel were absent occasionally. The 
number of the branches from the hearts 
varies from three to seven according to 
individuals, and even in the same individual 
the right or the left side shows variation. 

In the hearts of Segment IX, it was 
occasionally found that the smaller vessel in 
the left side was absent. 

The dorsal vessel gives off a pair of 
branches in each segment, generally in the first thirteen segments, but 
sometimes two or three pairs of branches are given off in a segment. A 
similar variation often occurs in the lateral oesophageal vessel. 

SUMMARY. 

The* blood-vascular system of Pheretima communissima Goto et Hatai 
was investigated. This system may be divided into two regions, the first 
region includes the first thirteen segments (before clitellum) and the second 
region is behind the Segment XIII. 

Ph. communissima has five longitudinal trunks, i. e. the dorsal, the 
ventral, the? supra-intestinal, the lateral oesophageal, and the subneural 
vessel in the first region, hut in the second region, the supra-intestinal 
and the lateral-oesophageal vessels are absent. 

The longitudinal trunks give off or receive branches in each segment. 
The branches of these vessels are as follows : 

The dorsal vessel in the first region gives off a pair of branches in 
each segment and receives a pair of commisural vessels and two pairs of 


A B 

- * Anterior Ant nor_ 



13. Variation of the 
heart in VII segment 
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the dorso-intestinal vessels except in Segment XIV and the last segment 
in the second region. The ventral vessel gives off a pair of branches in 
each segment along the whole of its length, besides a single ventro-intestinal 
vessel in each segment of the second region. The subneural vessel gives 
off a pair in the first region and two pairs in the second region in each 
segment; the supra-intestinal vessel gives off many ring vessels in each 
segment, in addition, a pair of hearts in Segments XI, XII, and XIII. 
The lateral oesophageal vessels give off a single branch in Segments X, 
XI, XII, and XIII and a pair in the other segments. 

There are five pairs of hearts connecting the dorsal and the ventral 
vessel, one each in Segments IX, X, XI, XII, and XIII, and, a pair con¬ 
necting the dorsal and the lateral oesophageal vessel in Segment VII. 

The dorsal vessel with its branches, and the hearts possess valves 
which turn towards the direction of blood flow. 


I am greatly indebted to Prof. S. Hatai for his kind direction and 
advice given during the investigation. 
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The sponge fauna of the Asiatic waters to the north of Japan is 
practically unknown to us. A few records of sponges are known to us 
from the Behring Seas, and a few, of doubtful value, from the Sea of 
Okhotsk; and because Saghalin and the Sea of Okhotsk lie between the 
Arctic seas to the north and the warmer Japanese seas to the south, 
records from this area might be expected to yield interesting and important 
information. I am indebted therefore to I)r. Sanji Hozawa for the privilege 
of working through the collection of sponges made by Mr. Tomoe Urita 
in South Saghalin. 

The specimens are deposited in the Biological Institute of the Tohoku 
Imperial University. 

The number of species represented in this collection is 8. Of these, 
1 is believed to be cosmopolitan, or nearly so, 2 are new, 1 has been 
recorded hitherto only from Japan, 1 from Norway, and the remaining 3 
are typically Arctic. 

The list of species is: — 

1. Semisuberites arctica Carter. 

2. Uritaia , gen. n. halichondroides , sp. n. 

3. Halichondria panicea (Pallas). 

4. Halichondriella corticata Burton. 

5. Eumastia sitiens Schmidt. 

6. Suberites domuncula (Olivi). 

7. Rhizaxinella clavata Thiele. 

8. Aplysinopsis lobosa , sp. n. 

Because the Saghalin area is likely to prove unusually interesting, when 
its fauna is more completely known, and in order to that there shall be 
no doubt as to the identification of the sponges herein recorded, I have 
included as many photographs as possible, even of the more familiar species. 
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1. Semisuberites arctica Carter. 

(PI. VII, figs. 1-2; text-figs. 1-3). 

Semisuberites arctica Carter 1877, p. 39, pi. 1, fig. 1, a-c). 

? Veluspa polymorpha var. cribrosa Miklucho-Maceay 1870, p. 6, pi. i, figs. 
12, 13; 

Cribrochalina variahilis et varr. crassa, salpingo ides Vosmaer 1882, p 36, pi. 
i. figs. 16, 17, pi. Hi, figs. 67-69, pi. iv, figs. 146-147; C. sluiteri Levinsen 
1886, p. 14, pi. xxix, figs. 6-9, pi. xxx, fig. 6; C sluiteri Swartzewsky 1906, 
p. 335, pi. xi, fig. 4, pi. xv, fig. 23; C. variahilis Fristedt 1887, p 418, pi. 
xx\ i, fig. 4; Stylaxia variahilis Topsf.nt 1913, p. 53; Semisuberites arctica 
Topsf.nt 1919, p. 2. 

Occurrence. — East Coast, off Sakaehama, South Saghalin, 20 fathoms; 
bottom, mud; September, 1929. 

Remarks. —The species, although first described by Carter, received 
a more complete description by Vosmaer (1. c.) when he established the 
species Cribrochalina variahilis for the reception of some sponges from 
the Barents Sea. These were divided two groups representing two varieties 
(varr. crassa et salpingoides) but it is evident, in view of the remarkable 
similarity between them, that this was quite unnecessary. In both varieties 
the sponges were stipitate, with cylindrical bodies ending in trumpet-shaped 
upper ends, the mouths of the trumpets being represented by shallow 
depressions beaiing numerous oscula. A description of the skeleton was 
not given, but the spicules were stated to be styli which may occasionally 
become slightly subtylostylote. One of the co-types of the species is in 
the British Museum collection and from this the skeleton may be described 



Text-figs. 1, 2. Sections at right angles to the surface to show the range 
of variation in the skeleton in Semisuberites arctica Carter (Semi-diagrammatic). 

1. From a co-type of Cribrochalina variahilis Vosmaer in the British Museum; 

2. From the specimen collected by Mr. Urita at Saghalin. 
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as a subisodictyal reticulation of styli, with multispicular fibres running 
vertically to the surface and ending there in brushes of spicules. Isolated 
spicules scattered between the vertical fibres and arranged somewhat trans¬ 
versely to the primary fibres (text-fig. 1) give the effect of an isodictyum. 
The styli are variable in size and measure up to .36 by .008 mm. 

Levinsen recorded from the Kara Sea, under the name of Cribrochalina 
sluiteri Vosmaer, a number of specimens which obviously belong to C. 
variabilis. They differed from the type of the latter species in having a 
single oscule in the apical depression and in having spicules which vary 
from .2 to .64 mm. in length ; and one of them was clavate rather than 
trumpet shaped. It may be noted that Levinskn’s suggestion that C. 
variabilis and Auletta elegans Vosmaer arc synonymous with C. sluiteri 
is quite erroneous. 

Other specimens have since been described by a number of authors, 
under various specific names. Fristedt’s specimens varied from cylin¬ 
drical, with cribriform oscular plate at the summit, to subinfundibuliform. 
Swaktzewsky’s sponge was clavate like the one figured by Levinsen. 
Topsent described a number of specimens from Hope Island, near Spits¬ 
bergen, which appear to agree closely with those previously described, and 
in these the styli varied from .06 to .315 by .003 to .006 mm. One of 
these was remarkable for the long fibres, of spongin and spicules, found 
in the skeleton. In this work, Topsent created a new genus Stylaxia , 
for the reception of Cribrochalina variabilis. 

The specimen from Saghalin is stipitate and consists of a bunch of 
erect branches which vary from clavate to cylindrical or sub-infundibular. 
The height of the sponge is 14cms. and the diameter of the branches 
vaiies from 1 to 2.5 cms. Here and there oscula are found on the sides 
of the branches but in all cases the summit of the branch bears a cribri¬ 
form oscular plate (pi. VII, fig. 2). The branches show a tendency to 
fuse at the points where they meet. 

The surface of the specimen is even, but the branches show an annular 
outline in places. The skeleton consists of a coarse reticulation of spiculo- 
fibre with a dense palisade of dermal brushes (text-fig. 2). The styli 
measure up to .3 by .007 mm. The presence of copious spongin in the 
skeleton shows that this specimen approximates closely to the fibrous 
specimen described by Topsent. 

Veluspa polymorpha var. cribrosa Miklucho-Maclay (l.c.), so inade¬ 
quately described, is probably synonymous with this species and has a close 
resemblance to the present specimens. 
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An interesting feature of the present 
specimen is that it has quite evidently grown 
from the base of another, presumably larger 
individual, that the latter had died and the 
remains of its base are left. The dead tissues 
extend for a short way up the stalks of the 
living branches, and these can be recognised 
by their lighter colour and greater compres¬ 
sibility. (text-fig. 3). 

Distribution. —Barents Sea; Spitzbergen; 
White Sea; Okhotsk Sea (?). 

Genus URITAIA, gen. n. 

Genotype. — U. halichondroides , sp. n. 
Diagnosis. — Axinellidae with skeleton 
composed of two categories of smooth styli; 
main skeleton a halichondroid reticulation of 
large styli, with a few small styli scattered 
between ; dermal skeleton formed of brushes 
of smaller styli set at right angles to surface 
with 'numerous styli of similar size lying horizontally and scattered between 
them. 

Remarks. — The genotype has a strong resemblance to Amorphilla 
halichondroides Thiele, and was at first sight mistaken for it. For this 
reason, a discussion of the systematic position of Thiele’s species is given 
below under Hymeniacidon. 

Genus HYMENIACIDON BOWERBANK. 

Genotype. — Spongia sanguinea Grant. 

Diagnosis. — Axinellidae with skelekton of smooth styli, not differenti¬ 
ated into categories, forming a halichondroid main skeleton and a special 
tangential, dermal skeleton. 

Remarks. — In the majority of specimens of Hymeniacidon sanguinea , 
the dermal skeleton is easily seen, though in a few it is not strongly 
marked and is difficult to observe. The presence of this dermal skeleton 
appears to have been entirely ignored until Thiele (1898, p. 44) founded 
the genus Amorphilla for species which differed, according to him, from 
those of Hymeniacidon in the presence of a tangential dermal skeleton. 



Text-fig. 3. The lower part of 
the Saghalin specimen of Semi- 
suberites arctica CARTKR, to show 
the dead portions (shaded) of an 
older sponge attached to the base 
of the present individual. 
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Under the circumstances therefore, Amorphilla must be regaided as a 
synonym of Hymeniacidon. 

2. Uritaia halichondroides, sp. n. 

(PI. VII, figs. 3—4; text-fig. 4). 

Holotype. — Spec. No. 9 (PI. VII, fig. 4). In tht? 
collection of the Biological Institute, Tohoku Imperial 
University. 

Diagnosis. — Sponge irregularly massive ; surface 
thrown into irregular ridges or tubercles; oscules 
few, small, inconspicuous, level with surface; colour, 
in spirit, ash-grey; main skeleton loose and irregular, 
dermal skeleton a close-set palisade of brushes of 
spicules; spicules slightly curved divided into 2 cate¬ 
gories measuring .42T)y .014 mm. and .26 by .007 mm. 
respectively. 

Remarks. — In external appearance the holotype 
is practically identical with the specimen of Halichon- 
dria panicea shown in PI. VII, figs. 5-9. 

3. Halichondria panicea (Pallas) Auctt. 

(PI. VII, figs. 

Occurrence . — East Coast, Sirutoru, depth unknown. ~ 4 c , , T . 

01 „ * . Text-hg. 4. Vntaia 

Amwa Bay, Tobuti, Shallow watter ; bottom, rock ; halichondroides, s P . n. 

Aug., 1928. Off Sakaehama, 20 fathoms; bottom, spicules, x 200. 

mud; 1930. 

Remarks . — There are three specimens, quite typical in anatomical 
details. The first is in every way like the specimen figured by Bowerhank 
(1874, pi. xxxix, fig. 4), the second is intermediate in character between 
that figured on pi. xxxix, fig. 5 and pi. xi, fig. 5, and the third has 
essentially the characters of Hymeniacidon firmus Bowerbank (l.c., pi. 
lxxii, fig. 1), which may be considered a synonym of Halichondria panicea . 

There is a doubt about the actual distribution of this species, owing 
to the possibility of the wrong identification of specimens bearing a super¬ 
ficial resemblance to it. Under the circumstances therefore, it has been 
considered worth while to publish photographs of the present specimens 
in order to emphasize the truly striking resemblance to European examples 
of the species. 
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Photographs are included also of specimens from Misaki, Japan, collected 
from the littoral zone by Mr. Insole in May 1921 and deposited in the 
British Museum. These show beyond doubt that the species extends also 
to Japan. 

There can be little doubt that Spuma borealis var. tuberosa Miklucho- 
Maclay (1870, p. Tt, pi. ii, figs. 27-29) is synonymous with this species; 
and S. borealis var. velamentosa Miklucho-Maclay (l.c., p. 14, pi. ii, 
fig. 30) may be also. 

Distribution . — Almost cosmopolitan (?). 

1. Halichondriella corticata Burton. 

(PI. VII, fig. 10). 

//. corticata Burton 1931 (M. S.'' 

Occurrence . Aniwa Bay, off Merci, 10 fathoms, gravel, August 1928. 

Remarks. *-■The specimen is an elongated, tuberose sponge, growing 
around a piece* of seaweed. The surface is much wrinkled and bears 
several small, inconspicuous oscules scattered over the surface. The skeleton 
differs little from the holotype except that the dermal skeleton is denser 
and multispicular and the subdermal palisade of spicules is absent. These 
differences have probably little significance and may be only the result of 
different growth stages. 

The holotype was fragmentary so that it is useful to have a record 
of a complete specimen. 

Distribution . — Norway. 

5. Eumastia sitiens Schmidt. 

(PI. VIII, figs. 11-12). 

i Spuma borealis var. papillosa MlKI.UrHO-MACl.AY 1870, p. 13, pi. ii figs. 23, 
24; Eumastia sitiens Schmidt 1870, p. 42, pi. v, fig. 12; Fkistkdt 1887, p. 
426, pi. xxiv, fig. 13, pi. xxvii, fig. 13; Lamhk 1894, p. 115; Id. 1896, p. 182, 
pi. i, fig. 1; Lundbeck 1902, p. 31, pi. iv, figs 1-6, pi. x, figs. 9-12; Aknkhkn 
1903, p. 6, pi. i, fig. 1, pi. vii, fig. 1; Swartzkwsky 1906, p. 333, pi. xv, fig. 
21; Hkntschki. 1929, p. 994; Burton 1930, p. 196. 

Occurrence . — Hast Const, off Sakaehama, 20 fathoms ; mud; September, 
1929. 

Remarks . — There are two specimens both massive and bearing a 
number of papillae. The spiculation in each is typical but in external 
appearance they differ slightly. The first is irregular in form and measures 
9 cms. long by 6 cms. across by 5 cms. high. The texture is soft and 
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fragile, the dermal membrane readily ruptured and torn from the underlying 
tissues and the papillae small and not particularly conspicuous. It agrees 
closely with the specimen figured by Arnkskn (l.c., pi. VII, fig. \). 

The second specimen approximates more closely to the one figured by 
Lundbeck (l.c.). It is subspherical, about 1 cms. in longest diameter, 
firm and incompressible, not easily broken, and bears a number of con¬ 
spicuous papillae. In no case is it possible to detect the characteristic 
oscula on the papillae, but this may be the effect of shrinkage due to 
preservation. 

The two specimens are of particular interest in that they suggest an 
explanation of the true systematic position of Spuma borealis var. papillosa 
Miklucho-Maclay (1870, p. 13, pi. II, figs. 23, 21). The curious drawings 
meant to represent this variety might very easily have been made by an 
unskilled artist from the two specimens here described and there is every 
probability that Spuma borealis var. papillosa is synonymous with Eumastia 
sitiens. 

Distribution . — Norway, Greenland, N. E. Coast of Canada ; 

6. Suberites domuncula (Ouvi). 

(PI. VIII, fig. 13). 

(For further synonymy sec* Topsent 1900, p. 225) 

? Ficulina ficus (Linnaeus) sensu TopsENT 1900, p. 203. 

Occurrence —Aniwa Bay, off Meroi, 10 fathoms; gravel; December, 
1928. 

Remarks. -- The single specimen is a large irregular mass bearing a 
number of lobose outgrowths and having at one point a wide opening 
leading into an internal chamber. The internal chamber lodges a hermit 
crab and the opening into it is sub-oval and measures 3 cms. by 1.5 cms. 
There is a second opening, on the opposite side of the sponge, measuring 
7 mm. in diameter which is presumably the oscule. The specimen itself, 
which is a drab-grey in colour, measures 8 cms. by 7 cms. by 6 cms. The 
skeleton is indistinguishable from that of the European individuals of Suberites 
domuncula (Ouvi). There would be therefore no hesitation in assigning 
this specimen to Olivi’s species but for one circumstance, that Thiele 
(1898, p. 38) has described from Japan a sponge which resembles the 
present specimen in all respects but has in addition microstrongyla for 
microscleres. This sponge Thiele has referred to Suberites suberea 
(Johnston), a species synonymous, according to Topsent (1900, p. 204), 
with Ficulina ficus (Linnaeus). We have therefore the truly anomalous 
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state of affairs in which two sponges practically identical in all respects are 
referred not only to separate species but to different genera. The question 
naturally arises as to whether the presence or absence of a microstrongyla 
is sufficiently important to form the basis of a generic distinction. Having 
examined a number of specimens of Ficulina ficus , it is possible to say 
positively that these microscleres, as might have been suspected, vary 
considerably in the numbers in which they may be present. In one 
specimen they may be abundant, in another only a few will be present, 
and in a third they may be so rare that only careful and prolonged search 
will reveal them. For taxonomic purposes therefore they are valueless 
and Ficulina must be regarded as a synonym of Suberites. 

There is yet another important point to be discussed. Topsent (l.c.) 
has included Halichondria suberea Johnsten (1842, p. 139) as a synonym 
of Ficulina ficus (Linnaeus), yet the sponges figured by Johnston in this 
instance are to all intents identical with those figured by Topsent (l.c.) 
for Suberites domuncula (Ouvi). If now we compare Topsent’s description 
of the latter with his description of Ficulina ficus , it becomes apparent 
that there is little to choose between the two species. They have the 
same texture, the same spiculation except for the presence of microstrongyla 
in F. ficus , and the gemmules in each case appear to differ little in structure 
or in the position they occupy within the maternal tissues. The only 
differences between them, apart from the question of the microstrongyla, 
are that Ficulina ficus is not invariably associated with mollusc shells, 
although it is in the majority of cases, and its shape is more irregular. 
Suberites domuncula , on the other hand, grows invariably around a mollusc 
shell in which a hermit crab usually dwells, and the shape is more con¬ 
sistently regularly massive and rounded, with no lobos outgrowths. Taking 
also into consideration the evidence afforded by a comparison between the 
specimen described here from Saghalin, and Thiele’s specimens from 
Japan, it seems most probable that Ficulina ficus and Suberites domuncula 
are merely forms of a single species. At all events, the two species are 
congeneric and very closely related. 

Distribution . — Europe; W. Indies; Senegal; Behring Straits; Japan, 
N. Pacific; Australia (fide Topsent 1900, pp. 208, 226). 

7. Rhizaxinella clavata Thiele. 

(PL VIII, fig. 14). 

H. clavata Thiel*: 1898, p. 34, pi. i, fig. 19, pi. v, fig. 27, pi. vlii, fig 1; R . 
excellent Id. l.c., p. 34, pi. Hi, fig. 2, pi. viii, fig. 2; R. arborescent Id. l.c.. 
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p. 35, pi. Hi, fig 3 b, pi. viti, fig. 3; R. elevata Id 1. c., p. 35, pi. Hi, fig 3 a, 
pi. viii, fig. 4; R . incrassata Id. 1. <*., p. 36, pi. iv, fig. 6, pi. viii, fig. 5; R. 
cervicomis Id. 1. c., p. 36, pi Hi, fig. t, pi. viii, fig. 6/ 

Occurrence . — East Coast, Sirutoru, depth unknown, 1930. 

Remarks .— The six species described by Thiele (l.c.) are, in my 
opinion, identical. Their speculation, as also the general appearance of 
the surface, are alike. All are erect and branching with a tendency to 
swell out slightly at the tips of the branches. The differences between 
them all are therefore slight. In R . cervicomis we have a sponge with 
thick branches, slightly flattened in places, and in R . elevata the branches 
are slender and slightly swollen at the tips, but these two sponges have 
everything else in common. Moreover, the type* of the other species are 
intermediate in form and exhibit an almost complete transition from the 
one to the other of the two species mentioned. 

The present specimen consists of numuerous long slender branches, 
not exceeding 3 mm. in thickness and nowhere showing sign of the con¬ 
spicuous terminal swellings evidenced in Thiele’s sponges. Further, although 
the smaller tylostyli have much the same proportions as in Thiele’s speci¬ 
mens, the larger seldom exceed. .8 mm. in length and .01 mm. in thickness, 
whereas in the Japanese forms they range from .8 to 1.9 mm. long and 
from .02 to .05 mm. thick. It has, however, the characteristic appearance 
of the surface, (pi. VIII, fig. 14). There can be therefore, little doubt 
that the present specimen is identical with R. clavata , as here understood. 

Distribution . — Japan. 

Genus APLYSINOPSIS Lendenfkld. 

Genolectotype . — A. elegans Lendenfeld. 1889, p. 379, pi. xxvii, fig. 5, 
pi. xxxiv, figs. 8, 11. 

Diagnosis. — Spongiidae with skeleton of pithed fibres forming a qua¬ 
dratic mesh; main fibres regular, usually cored with sand; secondary fibres 
free of inclusions but branching, and anastomosing to form an irregular 
network of fibres between main or ascending fibres. 

8. Aplysinopsis lobosa, sp. n. 

• (PI. VIII, fig. 15; text-figs. 5. 6). 

Holotype. — Spec. No. 4. In the collection of the Biological Institute, 
Tohoku Imperial University. 

Occurrence . — Aniwa Bay, off Enoura ; depth unknown ; sandy mud ; 
October, 1929. 
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Diagnosis .— Sponge massively lobose; surface characters unknown; 
skeleton a coarse reticulation of fibres of quadratic mesh; primary fibre 
stout, cored with sand, running in general direction from base of sponge 
to surface; secondary fibres irregular, with tendency to anastomose and 
branch in all directions, but generally without foreign inclusions. 

Remarks. — The single specimen, although preserved in spirit, was 
dead long before capture, and retains no (race of the soft tissues. Under 

ordinary circumstances it would therefore have 
been doubtful whether to make it a type of a 
new species. Hitherto only five species of Aply- 
sinopsis have been described, A. elegans f A. 
pedunculata and A . digitata , all of Lendenfeld, 
and A . massa and A . tuberosa of Szymanski. 
The first three, all of which come from New 



Text-fig. 5. Aplysinopsis 
lobosa, sp. n., to show the 
arrangement of the skele¬ 
ton. x 7. 


South Wales, Australia, appear to belong to a 
single species only. Similarly, the two described 
by Szymanski from Aegina, Mediterranean, appear 


to be identical forms. We can say therefore that 


the present species is vir¬ 



tually the third known to 
us, and for this reason is 
worth description, even 
though the material is in a 
poor state of preservation. 

The holotype of Aply¬ 
sinopsis lobosa , sp. n. is a 
large sponge consisting of 
3 lobes, with a small se¬ 
condary lobe springing 
from the lowermost of 
these. It is 13cms. high, 
8 cms. across at the widest 
part, and 3 cms. through 
at the thickest point. 
Although the dermis is 
gone there can be little 


Text ‘fig. 6. Aplysinopsis lobosa f sp. n., showing a 
portion of the skeleton to show inclusions in the fibres. 


doubt that the surface was 
originally minutely conu- 


*33. 


lose. No oscules are 
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visible, nor any exhalant openings or canals. The skeleton consists of 
main fibres, 3 mm. thick cored by sand grains, and the secondary fibres 
are 2 mm. thick. The secondary fibres are tolerably free from foreign 
inclusions, except for an occasional sand-grain. 

The species differs from A. elegans Lendenfkld (syn. A . pedunculata 
et A . digitata ) and A. massa Szymanski (syn. A. tuberosa) in form, the 
former being stipitate with hollow digitate processes and the latter massive 
and low-growing. In the structure of the skeleton it makes a close approach 
to the Australian species but in that the fibres contain only a single row 
of sand-grains. The fibres of A . massa are much thinner, main fibres 
.75 to .112 mm. and secondary fibres .37 to .6 mm. thick, and there does 
not appear to be any trace of foreign inclusions. 
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EXPLANATION OF THE PLATES. 

PLATE VII. 

Fig. 1 . Semisuberites aretica Carter (slightly less than natural size). 

Fig. 2. Semisuberites arctica Carter, seen from above and showing 
the cribnform oscular plates 
Figs 3-4. Uritaia halichondroides , sp n. xl/1. 

Figs 5 9 Ilahchondria panicea (Pallas). Figs. 5-6 from specimens 
from Saghalin, figs. 7-9 from specimens collected around 
Japan by Mr. Insole, xl/1. 

Fig. 10. I/alichondriella corticata Burton, xl/1 

PLATE VIII. 

Figs. 11-12 Eumastia sitiens Schmidt, xl/1. 

Fig. 13. Subentes domuni'ula (Oi.ivi). x2/3. 

Fig. 14. Rhizaxinella clavata THIELE, xl/1. 

Fig. 15 Aplysinopsis fobnsa, sp. n. x 2/3. 





Sci. Rep., Tohoku Imp. Univ., Ser. IV, Vol. VII, PI. VIII. 



Burton : Sponges of South Sakhalin. 



Report of the Biological Survey of Mutsu Bay. 

23. Rhizopsammia minuta Van der Horst var. 
mutsuensis, nov., an Eupsammid Coral.') 

By 

Hisakatsu Yabe and Motoki Eguchi. 

(Institute of Geology and Palaeontology, T6hoku Imperial University). 

(With Plate IX). 

(Received Feb. 10, 1932). 

The object of this communication is to describe an interesting coral 
living in Mutsu-Bay; the specimens were collected * by Professor S. Hozawa 
from the littoral zone of a small islet Moura-shima, near the Asamushi 
Marine Biological Station. We are grateful for his kind offer of the 
material to our study. 

The genus Rhizopsammia was established by A. E. Vehrill S; in his 
44 Notes on the Radiata in the Museum of Yale College, with descriptions 
of new genera and species,” 1867, on a recent species from the Pearl 
Islands. The generic diagnosis quoted in DuncanV* 44 Revision of Madre- 
poraria” is as follows: 44 Colony low, incrusting, extending by stolon-like 
expansions of the base, from which buds arise. Corallites cylindrical or 
nearly so, connected by thin creeping expansions, which have the same 
texture as the wall. Calices subcircular or elliptical. Septa thin, crowded, 
a little projecting, arranged in four or five cycles; last cycle well developed, 
uniting to those of the preceding cycle, which rise up the form of prominent 
paliform lobes, beyond which the central region of the calice is deep. 
Columella very porous and its surface papillose. Wall very porous. No 
epitheca. Costae scarecely distinct, represented by series of rough granules.” 

In 1922, Van der Horst described two new species of the genus based 
on the materials of the Siboga Expedition, Rhizopsammia verrillii and 

* Collected from within a cave situated on the western side of Moura-shima, average 
depth at low tide about 1.5 m. 

,; A contribution from the Marine Biological Station, Asamushi, Aomori-ken. No. 82. 

J ^A. E. Vf.rrill: Notes on the Radiata in the Museum of Yale College, with Descrip¬ 
tions of New Genera and Species. Trans. Conn. Ac. of Arts and Sciences, Vol. I, 1866- 
1871. (Not accecihle, cited after P. M. Duncan, 1881 and Van der Horst, 1922.) 

n >P. M. Duncan: A Revision of the Families and Genera of the Sclerodermic Zoanthiria, 
Ed. & H., or Madreporaria, 188i, p. 182. 
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Rhizopsammia minuta , and pointed out that the presence of paliform lobes 
of septa and the absence of epitheca can not be regarded as diagnostic 
features of the genus, because paliform lobes are absent in both of his 
species and epitheca is present, though to a very variable amount, in one 
of his species (Rhizopsammia minuta ). 

Rhizopsammia is, as stated by Van der Horst 0 , closely allied with 
Balanophyllia and the budding of its corallites by means of stolon-like 
basal expansions is peculiar to it and distinctive from the latter genus. 
It is one of the interesting genera of corals, its species inhabiting the 
the warm waters of the Pacific* and having a wide vertical range; one 
species ( R . verrilli) was obtained from the depth 27-278 m. and the other 
(R. minuta) from 36 m. of the Malay Archipelago, while our new variety 
of the latter species lives on the rocky floor of the littoral region in Mutsu 
Bay, Northern Japan (I,. 10° 55.5' N.). The genotype is from the Gulf 
of Panama (Pearl Islands). 

Rhizopsammia minuta Van der Horst rar . mutsuensis nov. 
a>l. IX, Mrs. 1 3.) 


Compare: 

1922. Rhizopsammia minuta Van i»ku Horm, The Mtidreporai ia of the* Siboga Expedi* 
. tion, part II, Eupsammt<Uu\ Siboga-E\f>editi(\ p 65. PI. VII, figs 9-10 

Corallum spreading over the surface of rhyolite blocks and consisting 
of a large number of corallites connected at the base by stolon-like pro¬ 
cesses. Corallites fragile, small, 5 mm. or less in diameter, cylindrical or 
sometimes slightly contracted near the base*, projecting at most 8 mm. 
above the base, usually a few millimeters apart and sometimes almost in 
contact. Stolon-like expansions 2-4 mm. broad and distinctly costated, 
costae* being continuous with those on the lateral surface of the corallites. 
Calice circular, as broad as the corallites; 4 mm. deep and surrounded by 
vertical inner edges of septa. Small or young corallites usually covered 
by a dense epitheca, with annular rugose lines, from the base to the very 
margin of calice; sometimes worn out and then exposing the vertically 
costated lateral surface of wall; epitheca mostly lose in the larger corallites. 
Wall perforated, pores lying within vertical furrows in alternation with 
costae. Costae somewhat elevated, rounded and minutely vermiculated. 
Septa 4 cycles complete in large calices, thin and subequal in thickness. 

OVan pkr Hokht: The Madreporaria of the Siboga Expedition, Pt. II, Eupsammidae , 

Sil>oga*Expeditie, Monographe XVI a, p. 61, 1922. 
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Septa of the first and second cycles slightly exsert near the calicular 
margin where their edge is semicircular in outline, short except on the 
base of the bottom of calice where they extend to a well developed spongy 
columella, subcircular in cross section and 1 x 1.5 mm. broad. Septa of 
the third cycle short and those of the fourth cycle uniting in pairs in 
front of the former at the base of the calice. All the septa are finely 
dentated on the edge, densely granulated on the lateral surfaces, and 
perforated, pores being especially numerous near the wall. In the smaller 
corallites the septa of the second cycle do not extend to the columella. 
No paliform lobes. 

The present material agrees fairly well with the typical form of 
Rhizopsammia minuta Van dkr Horst 1 from the Roma Islands, but sonic 
slight differences are appreciable between them referring to the relative 
height of the corallites and the surface feature of the stolons. In the 
typical form, the corallites are more depressed and the stolons are always 
smooth on their surface instead of being costated. The dimensions of them 
and other features are compared in the annexed table. 


Breadth « f Height 

Stolon-like of 

expansion corallites 

Typical form 1-5 mm. up to 2 mm. 
N. var. 2-1 mm. up to 8 mm. 


Depth Sculpture SepU, 

calice stolon <haiaitei 

5 mm. smooth 4 cycles complete 
4 mm. ribbed I cycles complete 


Distinctly costatcd stolons and septa with spongy margin are features 
characterizing another species, Rhizopsammia verrillii Van der Horst*' 
from the Malay Archipelagoes; from this the present form is easily distin¬ 
guished by its smaller and shorter corallites and a different septal arrange¬ 
ment. 

Locality: Moura-shima, near Asamushi, province of Mutsu, Japan. 

Five living colonies examined, all spreading over rhyolite* blocks. 

Collector: Prof. S. Hozawa. 


EXPLANATION OF PLATE IX. 

Fix. 1, Rhizopsammia minuta Van d;;r Horst var. mutsuensis no\. (nat. si/e), with 
tentacle*. (Specimen stored in the Biological Institute.) 

Fi.4- 2. Rhizopsammia minuta Van dkk Horst var. mutsuensis (nat. si/e). T>pe 
specimen Soft part removed. (Specimen stored in the Palaeontology al 
Institute, Keg. No. 41391). 

Hig. 3 A part of Fig. 2* enlarged three times. 

— - _- % 

*>Van dkr Horst, 1922, Op. cit., p. 65, PI. VII, figs. 9-10. 
e) Van dkr Horst, 192 1, Op. cit., p. 64, PI. VIII, figs 1-2. 




Sci. Rep., Tohoku Imp. Univ., Ser. IV, Vol. VII, PI. IX. 




H. Yabe and M. Euuchi : Rhizopsammia minutn Van der IIohst var. mutsue.nsis, nov. 





The Spectral Properties of Haemoglobin in the Holothurians, 
Caudina chilensis (J. MOller) and Molpadia 
roretzii (v. Marenzeller). 1 ) 

By 

Sataro Kobayashi. 

Biological Institute, T6hoku Imperial University, Sendai, Japan. 

(With 5 text-figures and Plate X.) 

(Received March 1, 1932). 

INTRODUCTION. 

Although haemoglobin is rarely found in the blood of most of the 
invertebrate animals, it occurs in many species of Holothurioidea, so far 
examined such as the species of Thyone, Cucumaria and others. In these 
holothurians, haemoglobin was found in the red corpuscles which are found 
in the body fluid. 

Howell (1885) performed various tests of haemoglobin on the laked 
solution of the corpuscles obtained from the perivisceral cavity of Thyonella 
gemmata (syn. Thyone gemmata) and proved that this pigment is identical 
with haemoglobin chemically and spectroscopically. This haemoglobin 
solution, however, is different in the coagulation temperature as well as in 
the precipitation by acetic acid from those shown by most of the vertebrates. 

Van DER Heyde (1921) studied the pigment in the red corpuscles of 
Thyone briareus found in the Polian vesicle, in the tentacular ampula and 
in the wall of the water lungs chemically and spectroscopically, and con¬ 
cluded that the pigment under consideration is indentical with haemoglobin. 

Recently Hogben and Van der Lingen (1927) also noticed the presence 
of haemoglobin in the red corpuscles of the perivisceral cavity of Cucumaria 
frauenfeldi but found that the absorption spectra of this holothurian haemo¬ 
globin differ from the corresponding spectra of the vertebrate haemoglobin. 

In some of the investigations other than the holothurian haemoglobin, 
Sorby (1876) noted that the center of the absorption bands of the Planorbis 
blood differed from those of the vertebrate haemoglobin. He gave the 
following positional difference in them. 


O Contribution* from the Marine Biological Station, Asamushi, Aomori-Ken, No. 83. 
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The center of the absorption bands. 

« ? 

Vertebrate haemoglobin 581.0 545.0 

Planorbis blood 578.0 542.5 

Sorby showed at that early period the spectra of haemoglobin of all 
forms are not alike. This funding of Sorby was only recently reexamined 
by Vles (1923) and by Anson, J. Barcroft, Mirsky, and Oinuma (1924). 

Vijes (1923) who measured spectrophotometrically the absorption spectra 
of haemoglobin from a number of annelids, notably in Arenicola compared 
with the horse and pointed out that there is a difference in the character 
of the band rather than in its position. 

Barcroft and his collaborators (1924) compared the haemoglobin 
spectra of various forms of vertebrates and of invertebrates by using the 
Hartridge reversion spectroscope. They found that the position of the 

« band and its displacement or the so-called “ span ” exists between the 

oxy- and carboxyhaemoglobins. 

Thus, these recent works show clearly that the absorption spectra of 
haemoglobin differs with the species. 

Caudina chilensis and Molpadia roretzii which I have examined belong 
to Molpadiidae, and resemble each other closely in their morphological 
structure. The scarlet coloured pigment is found in the corpuscles which 
occur fn the perivisceral cavity, the blood vessel, the Polian vesicle, and 
the tentacular ampula. 

My observations chiefly dealt with the spectral properties of this 
scarlet pigment in comparison with the horse haemoglobin. This work 
was carried out partly at the Marine Biological Station at Asamushi and 
partly at the Biological Institute in Sendai. 

METHOD AND TECHNIQUE. 

Caudina chilensis and Molpadia roretzii } used in this experiment, are 
found in Mutsu Bay. The former inhabits the littoral sandy shore at 
Moura near the Marine Biological Station, while the later is collected by 
means of dredging the muddy bottom at 30 fathoms, one mile off the 
station. 

The fresh specimens are cut through their body wall, and the perivis¬ 
ceral fluid containing the scarlet coloured corpuscles is collected in a glass 
vessel. In the freshly dissected specimen, the scarlet colour is seen through 
the Polian vesicle, the tentacular ampula and the blood vessel. 1/4—1/8 cc. 
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of blood may be' collected from each Caudina inserting a needle attached 
to a small sylinge of 1 ec., into the* blood vessel at the* portion of the? 
contractile' vessel. 

The amount of the? red corpuscles contained in the perivisceral cavity 
e>f Molpadia is less than that of Caudina. In Molpadia , the* corpuscles 
cannot be collected from the blood vessels in the same method as was 
applied to the Caudina. 

The fluids thus e*e>lh'cte*d are kept standing for a time, then the 
corpuscles gradually settle at the bottom leaving a non-redound or ofte*n 
yellow coloured fluid above*. This yellowish colour is easily soluble in the* 
sea water and thus it can be removeel from the corpuscle's by washing it 
with the* sea water re*pe*atedly. The corpuscle's were* stirred and ce*ntri- 
fugali/e*d repe*ate*dly by addition of a large* amount of the* filtered sea 
water till the* washed sea water became ejuite* cle*ar. The washed corpuscles 
we*re lake»d with a weak alkaline* solution e>f 0.1 °o of erystalized sodium 
carbonate and again centrifugali/ed and filtered. These Inked solutions 
prepared from both specie's show a typical absorption spectra of haenio- 
globin. These* hedothurian haemoglobin solutions were compared with the* 
jugular venous blood of the he>rse*, which was washed with 0.8b"« of 
sodium chloride anel then laked with {\.\% of crystalized sodium e*arhonate. 

For the* ejuantitative me*asurement of the absorption spe*e*tra, the* Koxie;- 
Martkns’s spectrophotometer (Mode l 11) provided with the “ Kleine* He- 
l(*uchtungseinrichtung nach Martens ”, ll-shaped glass container (21 mm. 
Ie*ngth) anel SoitiR/.’s glass were employed. The concentrated filamenUd 
lamp (100-watt) was used fen the light sou ire*. Adam Hirc.kr’s spcctio- 
me*te*r anel the* Kastman’s panchromatic* plate* were? used for the* spectro¬ 
grams as we ll as for the determination of the wave length of the* maximum 
and minimum intensities of the* haemoglobin spectra, and the* Mary's 
absorption tube* as the* container of the* hae*moglohin solution. 

EXPERIMENTAL KESUI/lS. 

1. Preliminary te*sts for the* lakeel solutions of 
Caudina chilvnsis anel Molpadia roretzii. 

The preliminary tests weie carried out in the* laked solutions of the 
red corpusc-h's of Caudina and of Molpadia. 

1) The* prusian blue* te*sts for iron were* positive* at the* laked solutions 
of the*se two specie's as were* already found in Thyonv gvtnmata (Howkrr 
188b) and Thipmc hriarvus (Van dkr IIevde If>21 
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2) Tkfchman’s haemin c rystals were* microscopically formed with glacial 
acetic acid and sodium chloride when heated on a slide (Fig. l,a and b). 
This reaction was also obtained in Thyane. 



a 1> 

Fig. 1. Microphotographs of hacniin Metals from I he holothunan 
haemoglobin ot Cawhnn thilrnsis fa) ami Mnl/uuJin utrvtzn (b) 


M) Van mvm Heydk (HJ21) demonstrated the* presence* of the* proxidase 
reaction in a few drops of the blood of Thyane hriarcus willi bendizine 
solution and hydrogenproxide. ] have also noted that the laked solutions 
of my own specimens show the similar blue coloured reaction with bendizine 
solution or guaiar tincture at the presence of hvdrogenperoxide. 'This 
reaction could lx* detected even in the coagulated mass of these' laked 
solutions, when heated on the water hath at 100 (\ 

The cc'ntrifugalized and filtered perivisceral fluid, which is free* from 
the? reel corpuscles, showed also the* presence of this reaction hut not in 
the boiled fliud, probably being destroyed by heating its fermentative 
catalytic activity. 

The results of these experiments seem to indicate that the* reaction of 
peroxidase or pseudoperoxidase was due* to the presence of iron marked 
in the* red corpuscles. This reaction is also positive in the* lake d solutions 
of the corpuscles from the* perivisceral cavity, the Polian vehicle, and the 
tentacular am pula. 

I) In these* laked solutions tho two characteristic absorption hands of 
oxyhaemoglobin and the single hand of the? reduced form are visible by 
the addition of Store’s reagent or sodium hyeliosulphite*, hut regain the 
two hands of oxyhaemoglobin by bulbing the air through the* solution as 
will be seen in spectrograms (Plate A K). The* absorption spectra of 
methacmoglohin, carh<>xyhacmoglohin and of their derivatives such as 
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haematin, haemochromogen and haematoporphyrin were seen from these* 
laked solutions similar as those shown by the vertebrate haemoglobin 
solutions. The spectroscopic observations on oxy- and reduced haemoglobin 
were already given in Thyone gemmata (Howell 1885) and in Thyone 
briareus (Van der Heyde 1921). 

From the above reactions the scarlet coloured solutions from the red 
corpuscles of both species possess most properties of haemoglobin. The 
laked solutions of Thyone gemmata and Cucumaria frauenfeldi however 
were reported to be considerably different from the ordinary vertebrate 
haemoglobin solutions. Howell (1885) stated that the coagulation tern- 
perature of the laked solution of Thyone gemmata was at 58-60’C being 
contrasted with 70-80°C of the mammalian blood and the laked solution 
was precipitated by addition of 0.1 ?/£ of acetic acid. Hogben and Van 
DER Lingen (1927) noticed that the laked solution of Cucumaria frauenfeldi 
did not form the compound analogous to sulph-haemoglobin and furthermore 
ammonium sulphide produced the reduced form, and not by addition of 
solid sodium thiosulphate. 

5) The corpuscles laked with distilled water were coagulated by heating 
at 59-61°C, similar with that of Thyone gemmata , while the coagulation 
temperature of the horse was at 70~73°C. Both laked solutions are pre¬ 
cipitated by addition of the excess of alcohol, and did not separate any 
coloured substances upon heating or addition of ether, benzine, chloroform, 
and carbon disulphite, vigorously shaked. 

All the above experiments were chiefly carried out with the laked 
solutions of the corpuscles from the perivisceral cavity. 

2. Spectral properties of the holothurian haemoglobin 
from Caudina chilensis and Molpadia roretzii. 

As was mentioned already, that haemoglobin of Thyone gemmata and 
of Thyone briareus shows the two absorption bands in the oxidized form 
and the single band in the reduced form. 

Hogben and Van der Lingen (1927) reported from the results of 
the first spectroscopic measurement of the holothurian haemoglobin, using 
Cucumaria frauenfeldi that the maximum intensity of the oxyhaemoglobin 
spectra is at 579.0 and 543.0; that of the reduced form, at 558.0, while 
the two bands u and ft of car boxy haemoglobin are at 573.0 and 538.0 
respectively. From these data they showed that the spectra of these 
haemoglobins were more shifted towards the red end than that of the 
vertebrate haemoglobin. 
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Firstly I have made the spectrometric determinations of the laked 
solutions of the corpuscles from the perivisceral cavity in the two holothurian 
species, compared with that of the horse and the results are shown in 
Table I. 

Table I. 


Materials 

| Oxyhaemoglobin 

keduceJ 
haemoglobin 
(by NaiSrfW 

Maximum in* 
tensity of a 
band 

Minimum in* 
tensity between 

1 a and {J band 

Maximum in¬ 
tensity of £ :l 
band 

Maximum 

intensity 

Caudina chilensis 

579.7 

664.0 

543.5 j 

661.0 

Molpadia roretzii 

577.0 

561.5 

640.7 

_ | 

557.0 

Horse 

577.0 

500.0 

541.0 

556.0 


It is evident from Table I that haemoglobins of the above three 
different forms differ spectrometrically more or less from one other. The 
absorption spectra of oxy- and reduced haemoglobin of Caudina were 
found to be remarkably shifted towards the red when compared with those 
of Molpadia and the horse. 

Spectrophotometry of holothurian haemoglobin. 

The spectrophotometric observations were carried out on the laked 
solutions of the red corpuscles from the perivisceral cavity, the blcod 
vessel of Caudina and from the perivisceral cavity of Molpadia roretzii. 
The sexes were separately observed. 

The instrument was carefully calibrated with the known line spectra 
of the various metals and standardized with a known concentration of 
potassium bichromate solution before its use. The oxyhaemoglobin spectra 
were measured under the atmospheric oxygen tension, and the reduced 
haemoglobin was prepared by addition of a small amount of powdered 
sodium hydrosulphite to the oxyhaemoglobin solution. The U-shaped 
container used in the case of reduced haemoglobin was covered with the 
glass plate and was sealed with vaseline. The spectrophotometric obser¬ 
vations were made at 15-20°C. 

A. Haemoglobin spectra of Caudina chilensis . 

The spectrophotometric curves of oxy- and reduced haemoglobin from 
the perivisceral cavity are shown in Fig. 2 together with those of the 
horse blood. 
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Wave length in Hi* 

Fig. 2. Spectrophotometric curves of oxy- and reduced haemoglobin of 
Caudina chi lens in and the horse. The concentration of these haemoglobin 
was not determined. (The values from which these curves are drawn in this 
figure, are given in the Appendix.) 


Oxyhaemoglobin : — As seen in Fig. 2 the curves of each haemoglobin 
spectra of Caudina do not exactly coincide with the corresponding curve 
of the horse, the former being shifted towards the red. And the value 
of the absorption intensity shown by Caudina at the region of 565.0- 
482.0 is higher than that shown by the horse, specially those nearer the 
band. 

There are three important characteristics to be noted in the spectro¬ 
photometric curves given by oxyhaemoglobin; the maximum intensity of 
the « band in yellow, the maximum intensity of the ft band in green, 
and the minimum intensity between these maximum intensities. The 
maximum intensity of the a band is located at 579.5 and that of the ? 
band at 544.2, while the maximum intensity is found at 5615. Those of 
the horse are found at 577.0, 542.0, and 560.0, respectively. 1 he positions 
of these points are distinctly shifted towards the red as compared with 
those of the horse. 


The absorption ratio of 


is found to be 0.92, and that of 


Absorption 


minimum 


0.66, while those of the horse are at 1.03 for ^ and 0.62 for 


^r^jninimum^ Th e difference of the absorpt'oi. ratios between 
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Caudina and the horse shows that in Caudina the absorption light in the 
/9 band is more than that in the « band and consequently in the horse 
the absorption of light in the ft band is much weaker than in the « band. 

Reduced haemoglobin: — The curves of reduced haemoglobin from the 
perivisceral cavity and the horse are shown in Fig. 2. In this case, the 
single band can be seen in Caudina and the horse. The general 
character of two curves are quite similar. The position of the maximum 
intensity of each band is at 560.0 in Caudina and at 555.5 in the horse. 
The shifting of this band is greater in Caudina , compared with the cor¬ 
responding band of the horse as was already noted in the case of oxy- 
haemoglobin. 

Kawamoto (192?) stated in his paper concerning the morphology of 
the corpuscles of Caudina chilensis that the various forms of the red and 
brown coloured, and non-coloured corpuscles were found, although the 
number of corpuscles varied with the blood vessel, the water canal, and 
the perivisceral cavity. Furthermore, besides the large number of the red 
corpuscles, he described the presence of a small amount of the brown 
coloured corpuscles at the perivisceral cavity, but not in the blood vessel. 

The maximum and minimum intensities, and their absorption ratios of 
the haemoglobin solution from the blood vessel were compared with those 
of the haemoglobin from the perivisceral cavity according to sex. These 
results are given in Table II and the graphical representation is also 
shown in Fig. 3. 

Table II. 


Haemoglobin 

from 


Case of 
Cxperimei.ts ] 


Perivisceral 
ca\ity. 
Perivisceral 
cavily. £ 
Blood vessel 

Blood vesset 

_JL 

Horse 


] 8 (each in- 
I dividual) 

| 9 (each in¬ 
dividual) 

1 (3 indivi¬ 
duals) 

1 (4 indivi- 
duals) 

9 (each in- 
dbi tual i 


579.5 

579.5 

579.5 

579.5 

577.0 


i Reduced 

Oxyhaemoglobin haemoglobin 

_ i(by NaaSsO*) 


Minimum in¬ 
tensity between 
* and $ bands 

Maximum in¬ 
tensity of p 
band 

I 

& 'S 

1 3 

Absorption 
ratio of 

Absorption min. 

! 

■arx. 

i 

Maximum 

intensity 

504.5 

541.15 

0.91±0.0.-l 

0.66±0.03 

560.0 

564.5 

544.2 

0.92±0.03 

0.66+0.02 

560.0 

564.5 

544.2 

0.92 

0.68 

560.0 

564.5 

644.2 

0.92 

0.67 

! 

560.0 

560.0 

542.0 

1.03±0.02 

0.01±0.02 

555.5 
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Wave length in pp. 

Fig. 3. Spectrophotometric curses of oxy- and reduced haemoglobin from 
the perivisceral cavity and the blood vesstd in Caudina chilcnsis. The con¬ 
centration of these haemoglobin was not determine^!. (The values from which 
these curves are drawn in this figure, are given in tl e Appendix.) 

As seen in both Table II and Fig. 3, the spectral properties of the 
holothurian haemoglobin solution from both the blood vessel and peri¬ 
visceral cavity, show similar results with each other, irrespective of the 
sexes. 


B. Haemoglobin spectra of Molpadia roretzii. 

In my previous observations, it was shown that in both the <f and 
bands of Molpadia roretzii the positions of the maximum intensities are 
nearly identical with the horse, but that of the minimum intensity between 
these bands showed a slight shift towards the red, as compared with the 
horse. 

The spectrophotometric curves of oxy- and reduced haemoglobin of 
Molpadia and of the horse are shown in Fig. 4. 

Oxyhaemoglobin : — The maximum intensities of oxyhaemoglobin spectra 
of Molpadia are located at 577.0 in the a band and at 541.5 in the 
band similar to those in the horse. The minimum intensity between these 
two bands is located at 562.0 showing a slight shift towards the red 
as compared with that in the horse. 

The absorption ratios of the three chief characteristics of Molpadia 




220 


S. KOBAYASH1 



Wave length in ppi 


Fig. 4. Spectrophotometric curves of oxy- and reduced haemoglobin of 
Molpadia roretzii and the horse. The concentration of these haemoglobin 
was not determined. (The values from which these curves are drawn in this 
figure, are given in the Appendix.) 


are seen to be 0.91 in the case of — and 0.61 in the case of 


Absorotion 


minimum 


. From these results, the oxyhaemoglobin spectra of Molpadia 


are noticiably different from the horse haemoglobin, having the high 
value of the absorption intensity at the region of 565.0-482.0 or specially 
nearer the ft band. 

Reduced haemoglobin: — The general appearance of the reduced haemo¬ 
globin resembles that of the horse and also that of Caudina , having a 
single band. The maximum intensity of this band is located at 557,0, 
and lies between the corresponding band of Caudina and the horse. All 
the data on oxy- and reduced haemoglobin from the different individuals 
are given in Table III. 

Comparing the general character of the curves, oxyhaemoglobin of 
Molpadia resembles that of Caudina, both showing the high value of the 
ft band, though the minimum intensity at green between the « and ft 
bands is lower than in Caudina. 

The positions of the maximum and minimum intensities of oxy- and 
reduced haemoglobin are noticiably shifted towards the violet end as 
compared with those in Caudina as will be seen in Fig. 5. 
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Table III. 


Haemoglobin from 
the perivisceral 
cavity. 

i 

Maximum in- i 
tensity of a 
band | 

1 

Minimum in* j 
tensity between 
a and $ bands , 

1 P 

1 << 

Maximum in- g 

tensity of a 3 

band £ 

£ 

>in 

§ «j~ 

| •g 
£ .2 

< g 

Absorption 1 
ratio of 1 

Absorption min. • 

0CL 

Reduced 
haemoglobin 
(by Na 2 S,Q 4 ) 

Maximum 

intensity 

Molpadia roretzii t 

577.0 

662.0 

641.6 

0.94 

0.62 


657.0 

.. 

577.0 

661.5 

■ 

641.6 | 

0.82 

0.62 


667.0 

4- 

677.0 

662.0 

641.6 

0.92 

0.64 

667.0 


577.0 

562.0 

641.0 

0.90 

0.66 

657.0 

•• 

677.0 

662.0 

641.6 

0.89 

0.64 

568.0 

Mean 

577.0 

662.0 

541.5 

0.91±0.0ttjo.64±0.02 

667.0 

Horse 

577.0 

660.0 

642.0 

1.03±0.02j0.61±0.02 

565.5 



Wave length in pin 

Fig. 5. Spectrophotometric curves of oxy- and reduced haemoglobin from 
the perivisceral cavity of Caudina chilensis and Molpadia roretzii. The con¬ 
centration of these haemoglobin was not determined. (The values from which 
these curves are drawn, are given in the Appendix.) 
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From the above experiments on holothurian haemoglobins of Caudina 
chilensis and of Molpadia roretzii , it is concluded that haemoglobin shows 
difference according to species which are closely related to each other that 
is the two species belonging to the same family. 


CONCLUSION. 

The scarlet coloured pigments contained in the red corpuscles of 
Caudina chilensis and Molpadia roretzii were identified to be haemoglobin 
but they differ from the mammalian haemoglobin (horse) at the coagulation 
temperature. They do show some small but definite differences from each 
other when two closely ralated species of holothurian are compared spec¬ 
troscopically. 

The spectrophotometric results obtained from Caudina and Molpadia , 
and haemoglobins of the various sources which were studied by several 
former investigators are tabulated in Tabic IV. 

Comparing these data of Caudina and Molpadia and other haemoglobins 
from the vertebrates and invertebrates, in the spectra of oxyhaemoglobin 
the position of the maximum and minimum intensities of Caudina chilensis 
is found to be shifted extremely towards the red end as well as in the 
case of Cucumaria frauenfeldi (Hogben and Van der Lingen, 1927), but 
those of Molpadia roretzii do not show any noticiable difference though 
the minimum intensity at 562.0 is slightly shifted towards the red end. 

The absorption ratio of * is 0.92 for Caudina and is 0.91 for Molpadia 

and thus remarkably differs when compared with 1.03 for the horse and 
0.98-1.01 for the other mammarian oxyhaemoglobin (Hari 1917, Vles 
1921, Kennedy 1926) and also differs from the invertebtate haemoglobin 

of Urechis caupo 0.99 for ~r (Redfield and Florkin 1931). On the 

other hand, the miMimur - j s (J.fifi f or Caudina and 0.64 for 

Molpadia indicating a higher value than that of the other forms of 
haemoglobins. 

Such a form of oxyhaemoglobin in which the band shows the higher 
value of the absorption intensity of light, has not yet been reported in 
the case of the vertebrates, though it is reported in Arenicola and Mar- 
physa by Vles (1923) among invertebrates. 

The reduced haemoglobin spectra of both holothurian species consist of 
a single band, and the position of the maximum intensity of these haemo- 




yhaemoglobin 
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globins is considerably more shifted towards the red end, specially in 
Caudina in which is shown remarkable shifting towards the red end as 
compared with the reduced form shown by vertebrate and invertebrate. 
In such reduced haemoglobin, the occurrence of the secondary or accessory 
band which was noted notably in Arenicola and Marphysa by Vles (1923), 
cannot be found in these holothurian haemoglobins, but resembles the 
echurian haemoglobin of Urechis caupo (Redfield and Florkin 1931) or 
the ordinary mammalian haemoglobin. 

In conclusion, l wish to express my sincere thanks to Prof. S. Hatai 
for his valuable suggestions and critisisms during the whole course of this 
work. I am also grateful to Asist. Prof. S. Nomura of our Institute of 
Biology and to Prof. H. Ohshima of the Zoological Institute of the 
Department of Agriculture at the Kyushu Imperial University, for their 
kind advice and help, and to the members of the Marine Biological 
Station at Asamushi for the abundant supply of the materials. My thanks 
are also due to Prof. J. 6kubo of the Physical Institute, for the help in 
the technique in spectroscopy. 


SUMMARY. 

1. Caudina chilensis and Molpadia roretzii possess the scarlet coloured 
pigment which is found in the red corpuscles in the perivisceral cavity, 
the Polian vesicle, the tentacular ampula and the blood vessel. 

2. The scarlet coloured pigment of these species is identified to be 
haemoglobin since it shows most properties of the mammalian haemoglobin 
(horse) though it differs at the coagulation temperature. 

3. The spectra of oxyhaemoglobin of these species do not only show 
the positional difference of the two typical bands, but also show that the 
value of the absorption intensity of the ft band is higher than that of the 
horse haemoglobin. In the reduced form, a single band can be observed 
in these haemoglobin solutions, as in the case of the horse haemoglobin, 
but they show a disparity characteristic to each species. In both oxy- and 
reduced haemoglobin of Caudina , the positions of the absorption bands 
are more shifted towards the red than those of Molpadia , but this difference 
is very slight when compared with the similar difference found between 
the holothurian species and vertebrates. 

4. It is concluded that even in closely related holothurian species 
haemoglobins differ from one other. 
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APPENDIX. 


Spectrophotometric values in the table, from which the curves of Fig. 
1, 2, 3, and 4 were constructed, are shown as optical density, log 




Caudtnu 

vhilensis 


Molpadia roretzii 
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x 

X 

X 

X 

x 

X 

1 

X 

653.0 

0.055 

0.159 

0.041 

0.131 

0.031 

0.119 

0.013 

0.133 

, 632.0 

0.062 

0.199 

0.052 

0.168 

0.058 

0.136 

0.039 

0.161 

6J2.0 

0.091 

0.277 

0.091 

0.236 

0.080 

0.183 

0.064 

0.204 

002 . 0 

0.J30 

0.274 

0.121 

0.329 

0.110 

0.277 

0.087 

0.282 

694.0 

0.283 

0.524 

0.280 

0.607 

0.205 

0.430 

0.176 


588.0 

0.521 


0.622 


0.370 

— 

0.332 

— 

586.0 

0.745 

0.689 

0.717 

0.623 

0.570 

0.599 

0.506 

0.600 

582.5 

0.944 


0.902 

— 

0.800 


0.742 

— 

581.0 

1.021 

* 

0.920 


0.913 

— 


- 

580.0 

1.048 


0.961 

_ 

— 

- • 

0.970 

— 

570.5 

1.055 

— 

0.973 

— 

1.035 

— 

1.010 

- 

578.5 

1.049 

0.900 

0.967 

0.798 

1.003 

0.744 

1.037 

0.709 

578.0 

— 

— 

— 


— 

-- 

1.055 

— 

577.0 

1.021 


0.940 


1.078 

__ 

1.064 

— 

676.0 



— 


1.072 


1.049 

— 

575.0 

— 

— 

- 

— 

1.0o(i 

— 

1.033 

— 

574.0 

0.964 


0.870 

— 



0.988 

— 

572.0 





0.969 

— 

— 

- 

671.0 

0.900 

1.026 

0.791 

0.943 

— 

0.886 

0.861 

0.817 

568.0 

0.811 


0.748 

— 

— 

-- 


— 

567.0 

0.796 

— 

0.724 

1.023 

0.772 

— 

0.702 

-- 

666.0 

0.786 


1 0.72! 

! — 

— 

— 


— 

665.5 

0.782 

— 

; 0.727 

1 - 

0.743 

— 

0.050 

— 

665 . 0 : 

0.781 

- 

l 0.721 

- 

— 

— 

— 


564.0 

0.781 

1.118 

0.735 

! 1.068 

0.731 

1.023 1 

0.645 

0.923 

662.5 I 

— 

— 

— 

1 

0.720 

— 

— 

*— 

662.5 

0.787 

1 . 122 

' 0.738 

1.070 

0.718 


0.618 

- 

562.0 I 


— 

— 


0.720 

— 

— 

... 

561.0 i 

— 

1.126 

— 

1 1.080 

0.721 

1.061 1 

0.616 

0.964 

660.5 ! 

— 

— 


.— 

0.724 

- 

0.615 

— 

560.0 ! 

— 

1.142 

— j 

! 1.091 

0.729 

1.081 | 

0.617 

— 

559.0 

0.829 

1.126 

0.772 | 

1.083 

0.737 

1.087 

0.622 

0.987 

558.0 i 

— ! 

— 

! - 

1 _ 

— 

1.095 

— 

— 

657.0 ; 

— 

1.122 

_ 

1.077 

— 

1.098 

0.639 

- - 

556.5 ! 

— 

1 __ 


— 

— 

1.097 

— 

0.995 

556.0 j 

— 

1.121 


1.066 

0.788 

— 

— 

1.004 

635.5 j 

— 

— 

: 

i — 


1.093 

— 

1.004 

555.0 

— 

1.102 

— 

! 1.054 

— 

— 

0.690 

1.003 

554.0 

— 

— 

— 

— 

— 

1.900 

— 

0.987 

552.0 

1.015 

- > 

0.920 

— 

0.852 

— 

— 

— 

652.0 

— 

— 

-. 

— 

— 

1.074 


0.974 

651.0 

— 

1.069 

— 

1.013 

— 


0.800 

0.960 

550.0 

1.072 

— 

1.001 

— 

0.980 

— 

— 

— 

548.5 

— 

— 

— 

i 

— 


— 

0.931 
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Molpadia roretzii 

Perivisceral 
cavity $ 



Horse blood 



I 




648.0 — — 

647.0 I 1.114 I 

646.0 1.121 

545.0 1.180 0.968 

644.2 | 1.132 — 

643.6 1.126 — 

643.0 — — 

542.6 — — 

642.0 — 

541.6 1.010 
641.0 i 

540.5 i — — 

539.5 1.074 0.856 

538.0 , — ' — 

537.5 ■ — 1 — 

634.5 — ; 

634.0 ' 0.867 , 0.770 

530.0 , — — 

628.0 0.662 > 

523.0 0. ’>70 ' 0.663 

518.0 0.488 ! 0.625 

513.0 l 0.479 | 0.574 

508.0 l 0.470 | 0.552 

504.0 , 0.484 ! 0.540 

499.0 | 0.492 ! 0.494 

490.0 I 0.557 0.460 

4*2.0 , 0.625 I 0.450 


1.017 

-- 

— 

1.054 

— 

1 . 0.15 

1.058 

0.905 

1 .111 

1.057 

— 

— 

1.030 


1.123 

- 

.— 

1.135 



1.136 

1.020 


1.137 

— 


1.131 

i — 

— 

1.121 

j 0.965 

0.803 

— 

1 — 


1 .091 

j 0.873 

— 

i 

i — 

- - 

0.993 

| 0.796 

0.739 

— 

| 0.636 

, 0.679 

i 0.751 

! 0.514 

0.637 

0.583 

0.475 

0.595 

j 0.503 

! 0.460 

0.570 

, 0.487 

0.465 

0.535 

0.474 

0.470 

! 0.607 

0.475 

0.537 

0.494 

0.501 

0.539 

j 0.478 

0.533 

! 0.635 

1 0.457 

0.616 


1.030 j — , 

0.975 1 — 

0.950 i .0.881 

i 1.000 


— 1.016 - 

1.024 
1.025 1 

: 1.017. j 

— ' 1.012 i — 

0.838 ; — 1 0.767 

i 0.983 - 

0,906 

0.747 , -- 0.661 

0.74) 

0.675 - 0.593 

0.599 0.505 0.521 

0.563 0.415 0.487 

0.527 0.377 0.117 

0.494 0.385 0.406 

0.453 0.410 0.374 

0.420 0.423 0.365 

0.381 0.46S 0.332 

0.351 0.505 0.316 


EXPLANATION OF PLATE X. 

A-E. Spectrograms of haemoglobin spectra from the corpuscles in the perivisceral 
cavity of Caudina chile tisis and Molpadia roretzii. The line spectra of meivurv 
are shown as the standard. 

A. General appearance of ox> haemoglobin spectra of Caudina chilensis at the 
various concentrations. 

B. Absorption spectra of oxvhaemoglobin in Caudina chilensis. 

C. Absorption spectra of reduced haemoglobin in C'audina chilensis. 

D. Absorption spectra of oxyhaemoglobin in Molpadia roretzii. 

E. Absorption spectra of reduced haemoglobin in Molpadia roretzii. 










On the Osmoregulation of the Blood of Several Marine 
and Fresh Water Molluscs. 1 ) 

I. The Japanese Oyster, Ostrea circumpicta Pils. 

Bv 

Masayasu Yazaki. 

(With 3 Text-figures.) 

(Received March 3, 1932). 

The present investigation deals with the regulatory ability of the oyster 
to fresh water and is the continuation of the work which has been carried 
out a few years ago (Yazaki, ’29). The similar observations were ex¬ 
tended to different molluscs other than the oyster and the results are 
reported in the present paper. 

1) Changes noted when oysters were transferred 
from sea water to fresh water . 

It is a well known fact that most marine animals cannot live long in 
fresh water, though some may survive in distilled water containing t per 
cent, of sea water. 

Dakin (’09) reported that u an oyster placed in fresh water might 
live for some time without any change taking place in the osmotic con¬ 
centration of the blood. This, however, is simply due to the animal closing 
the shell valves and completly shutting out the external medium from any 
contact with the body.” 

Duval (’25, ’28) studied the J of the blood in some marine in¬ 
vertebrates which were transferred into fresh water, but did not report 
the changes that led to results. 

So far as my own observations go that when oysters in fresh water 
close their shell valves perfectly, avoiding the contact with fresh water 
and in that manner maintain the original blood concentration for five or six 
days. Some oysters kept in fresh water may often survive as long as a 
month, though the majority of them endure only about 20 days at 19-20’C. 
and the regulation of the osmotic concentration of the blood is maintained 
chiefly by closing their shells. But the closing of shells is not permanently 

U Contributions from the Marine Biological Station, Asamushi. No. 81. 
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complete and after a while some amount of fresh water naturally enters 
the body. Then, the blood concentration falls gradually and proportionately 
with the length of time in contact with the fresh water. The limitation 
of dilution is about 65 per cent, of the original concentration when kept 
in fresh water contrasted with about 70 per cent, dilution when the oyster 
was kept in half diluted sea water as I have already reported (Yazaki, 
’29). It was also noted that when the oyster shell was perforated, the 
fresh water enters at once and the blood concentration decreases rapidly 
to about 60 per cent, of the original concentration but remains in this 
condition for several days. 

When, however, the concentration falls to about 65 per cent, of the 
original, it becomes stationary and such “ a relatively stable phase ” remains 
for days. To what extent and how rapidly the concentration of blood is 
diluted depends on the nature of media used, for instances, at about the 
8th day after immersion in fresh water the blood shows 65 per cent, 
dilution, while those immersed in half diluted sea water shows 70 per 
cent, of the original concentration at the 10th day. 

It seems clear from the above, that oysters either in fresh water or 
in diluted sea water are able, for some length of time, to prevent the 
dilution of the blood concentration by the powerful closure of the shells, 
but sooner or later it begins to decrease gradually and ultimately becomes 
about 65 per cent, of the original concentration, beyond which its rate of 
decrease becomes very slow showing “ stable phase ” for many days, but 
shows an abruptly rapid fall if the oyster was kept still longer. This 


Table 1. 


Time of 

Blood A 

— 

Blood A with 

immersion in 

with perfect 

perforated 

fresh water 

shells 

shells 

0 hr. 

1.970 

1.970 

6 hr*>. 

— 

1.500 

12 „ 

— 

1.472 

1 day 

1.970 

1.302 

2 days 

a 

1.970 

1.261 

1.932 

1.201 

1 „ ! 

1.921 

1.184 

5 

1.893 

1.167 

o „ 

1.871 

1.124 

7 „ 

1 774 

1.048 

S ,, 

1.517 

0.940 

9 „ 

1.359 

0.828 

10 

1.320 


11 

1.281 



(continued^ 
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Time of 

Blood A 

Hlood A with 

immersion in 

with perfect 

perforated 

fresh 

water 

shells 

shells 

12 

days 

1 307 

13 


1.204 1 

14 


1.270 

15 


1.274 

16 


1.268 

17 


1.275 

18 


1.271 

10 


1.261 


20 


1.232 


21 


1.223 i 

22 


1.200 

23 


1.166 | 

24 


1.162 


25 


1.122 



(These data arc given from 5 oysters used.') 


rapid fall of the concentration is coincident with the loss of the power 
of defending the body against the injurious action of fresh water. The 
results of this experiment are given in Table 1 and Fig. 1. 


✓ O 

100 • . 

00 ■ 

SO ; 

7° 

60 • * 
r,o 

40 -- -- 

0 1 2 3 4 5 6 7 8 9 10 11 12 1.5 14 15 16 17 IS 10 20 21 22 2.*! 21 25 Da>s 

Fig. 1. Curves of the freezing point depression of the oysters in fresh water. 

The immersion period in days is plotted as the abscissae, and the freezing point 
as the ordinates. —*— Oysters with perfect shell valves. 

* Oysters with perforate!] shell valves. 

The blood of a dying oyster immersed in fresh water for a long period 
gives the value of J from about 1.20-1.10. It is usually ihe case that, 
when the blood concentration reaches to about 5b per cent. (J= 1.100) 
of the original concentration, the oyster body decays sooner or later, but 
even at this stage of J the recovery is quick if the oyster is returned 
to normal sea water. In so far as the value of J is concerned, the 
range in which the oyster maintains life, is very narrowly limited; that 
is between 1.00-1.20. 

The values of the blood J of dying oysters are shown in Fig. 2. 
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1.20 

1.10 

1.00 


0 5 10 15 Dajs 

Fig. 2. Blood A of dying oysters with shell valves just beginning to 
open and the stimulus produced hardly any reaction'fall within the range 
1 . 00 - 1 . 20 . 


The similar observations which were carried out with some other species 
of marine molluscs are given in Table 2. 


Table 2. 


1 

Blood A' of dying 
animals in 
fresh water 

1.10 

1.50 

1.40 

i.:» 

Ratio 

A'/A 

Fresh 
water A" 

A'-A" 

Ostrea circumpicta j 1.950 

Anadara in flat a 1.97*1 

Pecten yesornsis | 1.965 

Mytilus hirsutus j 1.987 

0.56 

0.76 

0.71 

6.65 

0.025 

1.075 

1.475 

1.373 

1.275 


The values of the ratios indicate that different animals show different 
degrees of resistance when kept in fresh water. Furthermore, the fact 
that the differences between the values of the blood J' and of the fresh 
water J" are practically identical with those given by the bloods of respec¬ 
tive dying animals, indicates at once that the blood of the former cannot 
become much more diluted without exposing itself to the death point. 

The regulation of the osmotic pressure is similar whether the shells 
was perforated or intact. However, in the oyster with the perforated 
shell the water contacts itself immediately with the body, so the blood 
changes much faster as will be seen from Table 3. In Table 3 each 
given value is the average taken from 5 oysters. In the first 24 hours 
the decreasing rate of J is very rapid. During this period the osmotic 
process may follow the general principle of diffusion and produces a fall 
from 100 to about 60 per cent, of the original osmotic concentration. 
After this stage was reached further dilution of the blood concentration 
becomes very slow for a considerably long period indicating the probable 
presence of regulatory or defending capacity in the animal body against 
an adverse situation. I have, however, already shown (Yazaki, ’29) that 




OSMOREGULATION OF BLOOD OF OYSTER 


233 


the oysters are unable to maintain osmotic equilibrium much longer even 
when kept in one half diluted sea water. 

The curves of Fig. 1 show that the adjusting period of a certain con¬ 
centration for the first several days in fresh water is practically identical 
with or without holes in the shells of oysters. The rate of reduction (l) 
of the concentration (c), when the shells are intact, may be expressed in 
the following equation: 

/=7.6 + Cot 4.5°(c-62).(1) 

If we now substitute 6f + 3 and 2.8 c— 122.5 for t and c respectively, in 
order to compare the two curves directly for any given point, we obtain: 

*=0.767 + 0.167 Cot 4.5°(2.9 c-184.5).(2) 

This equation (2) expresses satisfactorily the rate of reduction of the per¬ 
forated shell. As will be seen from Table 3 the observed values of t and 
c agree well with those computed. 

Table 3. 



Blood A (#) 

t —7.64 Cot 4.6' 

Blood A {%) 

t=0.7674-0.167 Cot 

Time in day 

of perfect 

(c—62) 

of perforated 

4.6°(2.9 e—184.5) 


shells 

(Calculated) 

shells 

(Calculated) 

0 

100 

100 

100 


\ 

— 

_ 

76 


t 

* 

— 

— 

75 

75 

1 

100 

100.1 

66 

66.3 

H 

— 

— 

— 

64.6 

O 

100 

99.7 

64 

64.2 

Ol 

*»* 

— 


— 

64 

3 

99 

99.3 

61 


4 

98 

98.3 

60 


5 

96 

97.3 

59 


6 

95 

95 

57 


7 

90 

88.9 

53 


8 

77 

77.2 

48 


9 

69 

69.8 

42 


10 

67 

67 



11 

65 

65.6 



12 

66 

64.8 1 



13 

64 

64.3 



14 

65 

64 



15 

65 

63.7 




(These data are given fro m 5 oysters used.) 


2) The effect of fresh water on some physico-chemical 
properties of the blood . 

Concerning the effect of NaCl on the freezing point depression of 
oyster blood, I foundal ready (Yazaki, *29)i that NaCl exerts 93 per cent. 
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of the total osmotic pressure in the blood; showing, therefore, that the 
osmotic pressure of the blood largely depends upon NaCl which is dissolved. 

It is a well known fact that the CO* in blood exists in two forms, 
partly in solution and partly united with the sodium. The quantity of 
CO* gas contained in the blood of marine molluscs is slight when com¬ 
pared with the fresh water ones. Kokubo (’29) found that the CO* 
gas content of oyster blood is 4.22 vol. (range from 3.06 to 5.11 vol. 
%). I have, however, found that the CO* content of fresh water molluscs 
is very large; for instance in Anodonta , about 30 vol. % or more. The 
relative quantities of the fixed CO* and of the free CO* at each state 
are usually given by Henderson-Hasselbalch’s equation 

U ii/ fixed-CO* 

pH=pk+log - 7^07 

where pk is constant. The molluscs, in general, give the value of 6.1 
for pk. 

The pH of the blood in all the specimens used gave value 7.2 by the 
colorimetric method. This value 7.2 accords well with that found from 
Ostrea gigas living in Matsushima Bay near Sendai City. 

According to Kokubo (’29) the pH of the oyster blood normally 
ranges from 7.8 to 6.74. I have, however, found no such wider range 
of variation, but pH 7.2 in the oyster kept in the normal sea water, 
changes only to 7.4 even when the oyster was kept 2 weeks in fresh water. 
The values of the fixed CO* and of the free CO* were calculated from 
Henderson-Haselbalch’s equation based on the data obtained from my 
own experiments. 


1 

1 

pH 

fixed-COj 

(?0 

frcc-COo 

e.) 

Oyster in normal sea water 

7.22 

9.3 

7 

Oyster kept 9 days in fresh water 

7.:? 

94 

6 

Oyster kept 22 weeks in fresh water 

j 7.4 

96 

5 


The results obtained above from the three groups will be briefly 
summarized. In the case of pH 7.2, of 100 vol. % of total CO* gas 
content in blood, 93 vol. °/o are produced by carbonate and only 7 vol. 
% exist in free CO* gas state. When oysters are kept in fresh water 
the pH increases gradually during the period of experimentation. This 
increase is evidently due to the alteration in the component of the blood, 
or in this case the blood tends to enhance the quantity of fixed C0 2 gas 
which in turn diminishes the free CO* gas. After about two weeks in 
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fresh water the blood pH increases to 7.4. The rate of increase is not 
always proportional to the duration of immersion and often shows a distinct 
increase in the course of two weeks. Indeed, I have seen the fixed CO* 
increased to 95 vol. % and free CO* decreased to 5 vol. % of total CO* 
gas content in the blood. 

In normal blood of the oysters, according to Kokubo (’29), CO* gas 
content is about 4.22 vol. %. Since the water containing 4.22 vol. % of 
CO* gas in solution should freeze at -0.007°C by calculation and hence 
the blood of oyster freezes at ~1.945°C (Yazaki, ’29) we find that the role 

of the osmotic concentration of the CO* is about *.0.4/100 = 0.004 

of the total concentration and that of NaCl is about 93/100 (Yazaki, ’29). 
Therefore, NaCl and CO* produce 0.4 + 93 = 93.4 per cent, of the total 
osmotic pressure in the normal condition. The remaining unaccounted 6.6 
per cent, of the osmotic pressure must be influenced by some other causes. 

Now,, the quantity of NaCl contained in the blood of dying oysters 
(J=1.123) is given in Table 1. 

Table 4. 


No. of 
experiment 

No. of 
oysters used 

Amount of NaCl 
(f*rs. per liter) 

NaCl A' 
(calculated) 

j A'/A. 1. 

l 

5 

16.75 

1.055 

! 0.04 

II 

5 

15.0.1 

1.010 

0.90 

III 

5 

15.88 

1.000 

0.89 

Mean - - 


. 16.22 

1.022 

0.91 


From the above, it may be said that 91 per cent, of the total osmotic 
pressure of the blood is exerted by NaCl. 

While, on the contrary, CO* content in the blood of dying oysters, 
J = 1.123, shows a marked increase as will be seen from the following table. 
(Table 5). 

Table 5. 


No. of 

No. of 

Amount of CO* 

1 CO* A' 

A'/A 

experiment 

oysters used 

(voi. %) 

(calculated ) 

I 

5 

4.5 

0.008 

0.007 

II 

5 

5.4 

0.009 

0.008 

III 

5 

5.8 

0.010 

0.009 

Mean .. 



0.009 ] 

0.008 
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It is seen from the table that the values of J'/J are about two times 
of the original values (0.004), that is, CO* gas influences 0.8/100 of the 
total osmotic pressure, therefore, NaCl and CO* produce 914*0.8=91.8 
per cent, of the total osmotic pressure in the above mentioned condition. 
From the results, the total osmotic pressure of the blood, in so far as it 
concerns with NaCl and CO* gas in dying period, in which the lowering 
of the blood concentration decreases very slowly, is maintained by NaCl 
and also by the rapid increase of the fixed CO* dissolved in blood. 

3) Transferring the oysters from fresh water to 
original sea water. 

There are a few reports concerning the change of blood concentration 
of marine animals immersed in fresh water as well as when those returned 
to the original sea water. 

Dakin (’08) experimented with the blood (J = 0.57) of a large eel, 
Anguilla vulgaris , taken from fresh water and placed abruptly into sea 
water (sp. gr. 20.3). After 24 hours in sea water the blood appeared 
quite normal to those living in the sea, giving the value of J=0.745. 

Duval (’28) reported that the blood of fresh water molluscs is always 
denser than in the outer medium, and if placed in sea water of various 
concentrations, it becomes about isotonic with medium after some days. 

I found that when the oysters which were previously kept in tap water 
(J=0.025) or in pond water (J=0.028) in the laboratory for 15 days, 
were replaced in original sea water in which they lived, the diluted con¬ 
centration of the blood quickly recovered to its original concentration. 
This observation was repeatedly made. The J found for the blood of 
oysters which were kept in fresh water for 15 days gave approximately 
the value of 1.123. 

In the following table the range of variations are tabulated. 

Table 6. 


Blood A, kept 15 days 
in fresh water 

Number of oysters examined 

1.160-1.140 

3 

1.130-1.120 

48 

1.110-1.100 

9 

Mean 1.123 
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When such oysters were replaced in the original sea water, I can notice 
that, in the first period, the freezing point depression increases very rapidly 
in the first 5 hours or to about 84 per cent, of the original concentration 
at the rate of, from 0.105 to 0.07 an hour. In the next period, that is, 
after about five hours, the increase of the freezing point depression becomes 
slower showing the ratio 0.03 an hour and continues for about three hours 
showing the rise of about 91 per cent, of the normal concentration at 
the end of the time. In the third period, the increase of the freezing point 
depression becomes much slower and to reach approximately the original 
level, and it takes a considerably long period. The increasing ratio in 
the last instance is about from 0.011 to 0.006 an hour. The above relation 
is shown in detail in Table 7 and Fig. 3. 


Table 7. 


Time in 
hour 

~ Ko.'oT 
oysters 
used 

Blood A 

c—0.15 1.123 

Increased A 
an hour 

Relative increas¬ 
ing ratio an hour 

0 

6 

1.123 

1.123 



1 

it 

1.241 

1.273 

0.118 

0.106 

n 

a 

1.359 

1.368 

0.118 

0.095 

a 

** 

1.458 

1.429 

0.099 

0.073 

4 

»• 

1.546 

1.492 

0.088 

0.060 

5 

»» 

1.655 

1.550 

0.119 

0.070 

6 

it 

1.694 

1.604 

0.039 

0.030 

7 

•f 

1.733 

1.664 

0.039 

1 0.024 

8 

99 

1.793 

1.703 

i 0.060 

I 0.035 

9 

99 

1.812 

1.749 

0.019 

1 0.011 

10 

99 

1.832 

1.793 

0.020 

1 0.011 

11 

9$ 

1.850 

1.836 

0.018 

0.010 

12 

99 

1.871 

1.877 

0.021 

i 0.011 

13 

99 

1.889 

1.899 

0.018 

! o.oio 

14 


1.901 

1.967 

0.012 

1 0.006 

15 

99 

1.912 

1.995 

0.011 

0.006 


From the above, it may be said that in the oysters which were pre¬ 
viously immersed in fresh water and returned to sea water, the recovery 
took place within fifteen hours, while about 480 hours were needed in 
order to decrease the freezing point depression down to 1.123, indicating 
that the time required for recovery was less than 1/32 of the time required 
for depression. The difference between these two processes mentioned 
seems to indicate that it is to be attributed to some kind of a regulative 
capacity towards osmotic pressure posessed by the oyster. 

The relation between the time required and the concentration altered 
may be mathematically expressed. The relation between c (the concentra¬ 
tion and i (the time in. hour) is expressed by an exponential formula: 
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C = A/ X + B 

where A and B are the constant, and 
x the specific exponent. 

From the actual data (Table 7) the 
numerical constants were calculated and 
given: 

c=0.15 I"* 1 + 1.123 

The values found from the formula 
are shown in Table 7. 

SUMMARY. 

1. Changes of blood J occur when 
the oysters are transferred from sea 
water to fresh water. The relation 
between the blood concentration (c) 
and time (/) can be expressed by the 
following equation : 

/-7.6-t- Co/ 4.5°(c—62). 

When the oysters, which were previously kept in fresh water for 
several days and returned to normal sea water, the increasing J of the 
blood can be expressed by the equation : 

41.123 

2. The oysters placed in fresh water may die sonner or later when 
the value of the blood J becomes from 1.20 to 1.00. 

3. The blood of the oyster kept in fresh water shows increase in the 
fixed CO* and decreases in the free C() 2 in the course of several days. 

4. The cause of the slow lowering of the osmotic concentration is 
maintained by NaCl and also by the rapid increasing of the fixed CO* 
dissolved in blood. 



Fig. 3. Curve of (he velocity of 
the increasing A. Showing are lation 
between the time elapsed and the ratio 
of relative increase of A. 
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INTRODUCTION. 

Assimilation of carbon dioxide is a most significant function of green 
plants. As the assimilation is affected by external conditions, the analytical 
investigation of the carbon assimilation under natural conditions is an 
important one. The recent progress of the methods of experimental 
ecology, moreover, has proposed a promising field of study in assimilation. 
The profound study was reported by Kostytschew and his co-workers 
(1926, 1928, 1930). They investigated the daily progress of the carbon 
assimilation of sun plants under natural conditions at many places and 
pointed out the interesting facts. Recently Harder and his co-workers 
(1931) studied the assimilation under special conditions in a desert and 
gained also important results. 

The different behaviors of sun and shade plants under various conditions 
are studied by many investigators. Generally, under natural conditions the 
shade plants are supposed to assimilate carbon dioxide in small amounts 
but our knowledge along this line is deficient, so that the writer intended 
to investigate the assimilation of shade plants as well as the shade leaves 
of sun plants on the subalpine region. 

CLIMATIC CONDITIONS. 

The snow in the botanical garden remained this year (1931) until the 
beginning of July, some ten days longer than the average year. The 
weather this summer was cloudy and cold, therefore, the temperature was 
very low and the humidity was comparatively high. The unfavorable 
conditions for the plant growth improved from the end of July, getting 
the temperature higher and lengthening the duration of sun shine. Even 

DContributions from the Mt. Ha'tkftda Botanical Laboratory. No. It. 
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though bad weather prevailed at the beginning of August, the temperature 
for rainy weather was rather high. The unfavorable climatic conditions 
in the former half of July caused to some extent the delay of the flowering 
period. 

Fig. 1. 



I>iK Viigu^i 

Duration of sqnshine in hours. 


-Temperature in C, 


63,2 



Rainfall in mm. 
Relative humidity. 


The climatic data during my stay at the Mt. Hakkoda Botanical 
Laboratory 0 as well as those of the foregoing period are shown in Fig. 1 
and 2. The mean value of the temperature and relative humidity was 
obtained by four-hourly reading of the thermo-hygrograph. The duration 
of sun shine was taken from the Jordan sun shine recorder. 

°For the description of the situation of the laboratory and climate reference is made 
to a paper by Yositri and Jimbo (1931). 
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METHOD AND MATERIALS. 

Assimilation chamber used is of cubic glass, the free spaces beside the 
inserted leaves being left as small as possible. One opening, through which 
the leaves are inserted, is loosely closed with cotton in order to give the 
air free passage. The other small pore, situated against the former, is 
connected with the absorption tube. In the experiment the assimilation 
chamber is supported by a stand placed beside the plant to keep the leaves 
in their original position. Soon after each experiment, the leaves are 
removed from the chamber and left in the open air till the next experiment. 
The two plants grow near each other and so the leaves of the shade plant 
and the shade leaves of the sun plant were experimented upon at the same 
time, resulting in the leaves being found in the same direction side by side. 

The duration of experiment is ca. 25-30 minutes. The experiments 
are carried out with the apparatus and the methode of Boysen-Jensen 
(1928). In the experiment the two assimilation chambers, into which the 
leaves of two plants are inserted, are placed parallel to each other and 
connected with the absorption tubes and aspirators. For the control, the 
open air is suctioned through the glass tube, which is placed between the 
two assimilation chambers. 

The amount of assimilation is reduced to the unit of 30 minutes "and 
50 sq. cm. surface area of the leaf. 

The volume of air used is not so large as in the experiments of 
Kostytschew (1928). As the result of repeated experiment with shade 
plants it was found that the volume of air needed for sufficient assimila¬ 
tion was only one-fourth liters per unit area of leaves per hour. 5 liters 
of air were used in every experiment, as the largest leaves of 40 sq. cm. 
were often used. 

The temperature is obtained from a thermo-hygrograph and from the 
readings of thermometer which is placed near by, preventing from insolation. 

The light intensity in the shade is measured by the wedge-photometer 
of Eder-Hecht. The photometer is exposed between the two assimilation 
chambers during the experiments. 

EXPERIMENTS. 

For the experiments shade plants and sun plants which grew in the 
alpine botanical garden of our institute were used. They are Skimmia 
japonica , Streptopus ajanensis , var. japonica , Paris tetmphylla and Mitchella 
repens , var. undulata (shade plants), and Sasa kurilensis (syn. I*seudosasa 
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kurilensis y Makino), Acer Tschonoskiiy Rhododendron brachycarpum and 
Ilex Sugeroki t subsp. brevipedunculata (sun plants). 

The results obtained are as follows: 

1) Skimmia japonica and Sasa kurilensis . 

Skimmia f one of the small shade shrubs on Mt. Hakkoda, are found 
under the Sasa-plants which grow luxuriantly near and around the botanical 
garden. The comparative experiments with Skimmia and Sasa were, there¬ 
fore, carried out with much convenience. The east side of the place, where 
the experiments were done, was open and some leaves of those plants 


Table 1. 

July 22. Skimmia japonica. leaf area 16.3 scp cm. 

Sasa kurilensis. „ „ 29.7 „ „ 


Experiment 


i 

H 

Assimila- 

Assimila¬ 
tion in mg. 



I 

C [ 
*2 

.£ 1 
u 

DQ 

Duration 
in minutes 

Weather 

£. 

g 

•- 

rt C 

tioi 

mg. 

i in 
c:Oj 

CO g , per V 2 
hour, per 
50 sq. cm 

Remarks 

Skim. 

Sasa 


H 

& 

Skim. 

J Sasa 

Skim. Sasa 

Sktm . 

Susa 

a.m. 

5.00 

21 

25 

fine, 

(before 

sunrise) 

11.2 3 C. 

9.18 

0.08 

00 

Cl 

© 

1 

0.30-0.55 



0.07 

31 

30 

fine 

12.2 

18.94 

0.30 

0.28 

0.88j 0.46 



7.54 

23 

27 

” 

14.3 

. 

45.8 

0.25 

0.08 

1.01 0.15 

Solar spots 
on J /a Part 
of the leaf. 


8.57 

. 

30 

33 

; 

10.0 

29.0 

I 

0.25 

1 

0.49 

O.flaj 0.76 

Solar sports 
on the leaf. 

Solar spots 
on the leaf. 

10.21 

i 

28.5 

29.5 

fine, 

later 

clouded. 

17.2 

214.1* 

i 

0.28 

! 

0.19 

1 

i 

0.89 0.33 

Direct light on 
almost all parts 
at the begin¬ 
ning and solar 
spots on the 
leaf in the later 
half of the ex¬ 
periment. 

Direct light on 
almost all parts 
at the begin¬ 
ning and solar 
spots on the 
leaf in the later 
half of the ex¬ 
periment 

11.57 

20 

26 

fine 

17.8 

78.5 

1 

0.11 

0.16 

i 

0.35 0.321 

1 

Solar spots 
on the leaf 
for S' or 3 / . 


p.m. 

1.31 

20 

28 

\ 

•• 

’ 

17.0 

83.0 

0.07 

0.11 

i 

1 

0.27 0.20 

i_i 



2.50 

28.5 

29.5 

cloudy 

13.0 

[ 28.6 

_ 

0.14 

0.19 

w i 

0.46 0.33 

i 

_ 


1.11 

20.5 

30 

change¬ 

able 

12.0 

37.4 

0.22 

_ 

• 

' i 

0.76 0 

i 

1 



5.22 

30 

31 

fine 

11.0 

11.90 

-o.ooj-o. 03-0.17-0.05 

i 




* Photometer was also insolated. 
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Table 2 . 

July 23. Skimmia japonica . leaf area 16.9 sq. cm. 

Sasa kurilensis . „ „ 37.3 „ „ 


Experiment 


u 

3 

’‘S t,. 

1 

Assimila- 

Assimila¬ 
tion in mg. 

Mi 

C 

*£ 

c 

Duration 
in minutes 

Weather 

1 2 

8. 

£ 

2*§ 

oi 

IS c 

tion in 
mg. COg 

C0 2 , per V2 
hour, per 
50 sq. cm. 

bO 

cS 

Skim. 

Sasa 


£ 

'<u ' 

Skim 

Sasa 

Skirn.^ 

Sasa 

a.m. 
5. 03 

27 

29 

cloudy 

10.8 C. 

7.02 

0 

-0.20 

0 

! 

-0.2H 

0.311 

29 

29 

» 

11.3 

14.63 

0.06 

0.07 

0.17 

0.10 

8.21 

23 

26 

slightly 

clouded 

13.0 

23.4 

0.25 

0.13 

0.96 

0.20 

10.07 

29 

31 

change¬ 

able 

15.0 

67.4 

0 

0.09 

0 

0.12 




cloudy. 



1 




11.42 

29 

30 

: 

rain for 
5 

minutes. 

13.5 

13.71 

0.11 

-0.15 

0.34 

-0.20 

p.m. 

1.53 

30 

29 

rain 

13.2 

14.63 

-0.03 

0.06 

-0.10 

0.08 

w 

• 

28 

31 

rainy 

cloudy 

14.2 

9.50 

0.19 

-0.20 

0.60 

-0.26 

4.53 

28 

26 

•• 

13.8 

4.95 

0.02 

0 

0.07 

0 

0.21 

29 

30 

fine 

13.0 

3.34 

( 0.04 

-0.08 

1 

0.10 

j-0.11 


Table 3. 

August 12. Skimmia japonica . leaf area 27.5 sq. cm. 

Sasa kurilensis . „ „ 34.7 „ „ 


Experiment 


s 

3 

** 

XS 

>. 

Assimila- 

j Assimila- 
Ition in mg. 

C 

’£ 

c 

Duration 
in minutes 

Weather 

4-1 

2 

8. 

B 

1—I 4-4 

s'i 

Is 

<n c 

tion in 
mg. CO* 

|C0 2 , per V 2 

1 hour, per 
50 sq. cm. 

1 

Skim 

Sasa j 


Oj 

H 

'o' ' 

pa 

Skim. 

Sasa 

Skim. 

| Sasa 

а. m. 

б. 08 

26 

29 

cloudy 

15.0°C. 

6.02 

0.31 

0.09 

0.66 

j 0.13 

7.40 

25 

23 j 

1 

- 

15.9 

8.94 

0.13 

0.09 

0.30 

0.16 

8.43 

27 

27.5 

slightly 

clouded 

17.8 

15.73 

0.30 

0.17 

0.61 

: 

0.27 

9.40 

26 

i 

25.5j 

cloudy 

18.0 

12.91 

0.16 

0.09 

0.35 

! 0.14 

10.40 

27 

28 


19.5 

18.68 

0 

0.02 ( 


0.03 

11.41 

23 

24 | 

• » 

19.1 

21.7 

0.06 

o.m 

0.14 1 

1 

0.11 
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Experiment 

Weather 

Temperature j 

Relative light i 
intensity 

Assimila¬ 
tion in 
mg. CO* 

Assimila¬ 
tion in mg. 

Beginning 

Duration 
in minutes 

COf, l 
hour, 
50 sc 

?er Vs 
, per 
|. cm. 

Skim. 

Sosa 

Skim. 

Sam 

Skim. 

Sam 

p.m. 

1.16 

29.5 

31 

change¬ 

able 

20.5 - 

19.20 

0.19 

0.12 

0.35 

0.16 

2.17 

25 

* 

25 

n 

19.9 

18.80 

-0.03 

0 

-0.06 

0 

3.28 

28 

27 

cloudy 

19.0 

10.34 

0.08 

0.06 

0.16 

0.10 

4.37 

24 

25 

»» 

17.8 

5.16 

0.05 

0.02 

,_| 

0.12 

0.03 

5.46 

28.5 

SO 

ft 

16.7 

3.13 

0 

-0.11 

0 1 

-0.15 


Table 4. 

August 13. Skimmia japonica. leaf area 17.7 sq. cm. 

Sasa kurilensis . „ „ 37.3 „ „ 


Experiment 


g 

Relative light 
intensity 

Assimila- 

Assimila¬ 
tion in mg. 



w, 

c 

c 

c 

Duration 
in minutes 

Weather 

2 

8 . 

E 

tion in 
mg. C0 2 

C0 2 . per Vs 
hour, per 
50 sq. cm. 

Remarks 

r 

CQ 

Skim. 

Sasa 


£ 

Skim. 

Sasa 

Skim. 

Sasa 

Skim. 

Sasa 

a.m. 

4.42, 

27 

26 

fine, 

(before 

sunrise) 

13.,TC. 

3.24 

-0.03 

-0.16 

-0.08 

-0.25 

, 


5.43 

31 * 

34 

fine 

14.7 

4.13 

0.08 

0.03 

0.22 

0.03 



7.12 

23 

l 

24 

” 

17.8 

11.88 

0.14 

0.22 

0.50 

0.37 

Solar spots 
on the leaf. 

Solar spots 
on the leaf. 

8.13 

20.5 

:'° 

slightly 

clouded 

18.7 

9.80 

0.14 

0.13 

0.39 

0.18 



9.12 

25 

23 

change¬ 

able 

20.2 

14.40 

-0.05 

-0.11 

-0.18 

-0.19 



10.10 

25 

27 

fine, 

cloudy 

22.0 

21.96 

0.13 

0.19 

0.44 

0.27 


Solar spots 
on the leaf. 

11.12 

25.5 

25.5 

fine, 

cloudy 

21.6 

19.09 

0 

-0.02 

0 

-0.04 

Solar spots on 
the leal for 5 
minutes at the 
bejdnning 

M 

p.m. 

12.46 

29 

30.5 

• t 

21.0 

18.94 

0.08 

0.30 

0.24 

0.40 


1.49 

!»' 

24.5 

” 

22.5 

23.0 

0.11 

0.08 

0.37 

0.13 

Direct light on 
Vs part of the 
leaf for 7 mi¬ 
nutes. 

Direct light on 
Va part of the 
leaf. 

2.48 

26 

28 

cloudy 

20.5 

9.18 

0.11 

0.11 

0.36 

0.16 



3.47 

26 

24 

9t 

19.3 

10.58 

0.11 

0.16 

0.36 

0.29 



4.50 

29.5 

27 


18.8 

4.30 

0 

—0.05 

0 

-0.08 



5.52 

26 

26 


18.0 

3.41 

-0.04 

-0.13 

0.14 

-0.20 
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were often exposed to the direct sunlight in the morning, and e\en in 
the afternoon the solar spots fall on the leaf. 

All the arrangements for the experiments were prepared on the prexious 
day, without inserting the leaves into the assimilation chamber. 

On the first day (.July 22) the weather was fair hut the temperature 
was very low, scarcely reaching 18°0. at midday. The plant leaves were 
insulated in the morning and solar spots shined on the leaves frequently. 
The assimilation of Skimmia increased very rapidly early in the morning 
with the increase of the light intensity ('Fable 1 and Fig. 3), but de¬ 
creased afterwards. When insolated, however, it raised again (at 10:21 
a.m.). Near midday a remark¬ 
able depression of assimilation 
occurred, even though strong 
light intensity and high tempera¬ 
ture were observed. The rapid 
increase! of assimilation later in 
the afternoon was again observed. 

The shape leaves of Sasa behaved 
similarly to the above described 
Skimmia excepting that the 
amount of assimilation was usually 
smaller and the increasing later 
in the afternoon was not observed. 

The following day (July 23) 
was rainy with a lower tempera¬ 
ture; and weaker light intensity. 

Even under such conditions the 
assimilation of Skimmia was 
comparatively great (Table 2 
and Fig. 1). The strongest 
assimilation was observed in the 
morning soon before the light 
and temperature reached their 
maxima. The assimilation was 
much depressed in the morning when the light intensity and the* tempera¬ 
ture were at the maximum. At noon a depression of the assimilation 
was not observed but it was observed before and after noon. It is worthy 
to note that the assimilation of Sasa was very small on this rainy day as 
compared with Skimmia , the similar result was also observed on August 


Fig. •*. 




216 


K. HIRAMATSU 


| 



12, though the temperature was 
a little higher (Table 3). More¬ 
over, it is peculiar that the curve 
of assimilation of Sasa did not 
run similarly to that of Skimmia , 
i. e. remarkable depressions were 
observed about noon and in the 
afternoon. 

Another experiment, carried 
out on August 13, showed that 
the depressions of assimilation 
took place in the morning earlier 
than those appeared on the July 
days (Table 1). The curve of 
assimilation runs fairly parallel 
with that of the light when the 
depression of assimilation does 
not occur. 

2) Paris tetraphylla and 
Rhododendron brachycarpum. 

The experiments were carried 
out with the above two plants 
The duration of insolation in 
exposed in the afternoon near 


in - Skimmia japanua 

- Sasa kurilrnsis. 

Relative light intensity. 

-Temperature. 

which grow on the western slope of a hill, 
this place was short but the plants were 
to the beams of direct sunlight. 


July 25. 


Table 5. 

Paris tetraphylla . leaf area 36.6 sq.cm. 

Rhododendron brachycarpum. „ „ 38.8 „ „ 


Experiment 


! a i 

a i 

"5; Assimila- 

Assimila¬ 
tion in mg. 



Beginning 

Duration 
in minutes 

2 ' 

Weather' ^ ! 

E i 

~ .ti j tion in 

S | j ««. CO, 
Js.s ;—, — • 

c£ j Paris,Rhod. 

C0 2f per '!> 
hour, per 
50 sq. cm. 

Remarks 

ParisRhod. 


1 tS 

I e* , 

1 

Parts^Rhod. 

Pans 

Rhod. 

a.m. 

0.22 

30 

31 

fine 

13.TC.! 

5.82; O.Oj! 0 

0.07 

0 



7.2y 

32 

32 

change¬ 

able 

|14.0 ; 

12 .00; 0.20| 0.20 

0.23 

0.23 



9.03 

30 

27 

fine 

15.0 

i ‘| 1 

20.53 0.24 0.21 

1 1 1 

0.32 

0 31 

Solar spots 
on the leaf. 

Solar spots 

1 on the leaf. 


Beginning, 
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Experiment 


Duration 
in minutes 


Paris\Rhod.\ 
10. .‘19 27 

11.47, 20 


p.m.; ., t> 

1.36j " 


:1.17[ 
4.27! 25 
5..W 29 

6.20 ! :jo 


Weather 


CO 

u 

& 

£ 

£ 


g c 

■5 A 

(0 c 


26 

fine 

17.0 

30 

fine, 
clouded 
for 6 
minutes. 

17.0 

32 

cloudy 

17.5 

31 

•• 

16.2 

25 

cloudy 

14.0 

26 

cloudy, 
later fine 

13.8 

32 

fine 

43.0 

l 1 


Assimila- , 

Assimila- ,tion in mg., 
tion in CO,, per '/J Remarks 

mg. COa 1 hour, per ] 

| 50 scp cm. I 

Paris Rhod. Pari^Rhod\ Paris j Rhod. 


22.0 1 0.05 0 


I I I 


| ! Direct light 

0.07 0 on l ^e large Solar spots 
I part of the on the leaf. 

I leaf. ! 


28.6 0.11 0.100.15! 0.1.*; 

__j__ j i ! I 

25.6 j-0.05 0.21 0.07J 0.2S 
10.8:5 0.02 0.02' 0.02--0.03 


8.0.1 0.27 0.Oil 0.40! 0.01 


I 

5.36! 0.24 0.20 1 0.30 

_I_I_ 


0.30, 


2.24 0.08 0.12-0.11! 0.14! 


Table 6. 

July 26, Paris letraphylla. leaf area 36.6 sq.cm. 

Rhododendron brachycarpum . „ „ 38.0 „ „ 


Experiment 

! 

1 I 

\£ 

1 tli .. 

Assimila- | 

i Assimila¬ 
tion in mg. 

u. 

c 

c 

c 

Duration 
in minutes 

! I 

t Weather 

1 ! 

! 2 1 

1 > ; 

O. 

I e 

ative li 
ntensit) 

tion in 
mg. CO, 

CO* per V, 
hour, per 
50 sep cm. 

Sb 

CQ 

Paris 

Rhod 

. | 

1 H 

j 

0 ~ I 
X 

Paris 

Rhod. 1 Paris 

i . 

Rhod. 

a.m. 

5.00 

30 

31 

rainy 

jl3.6°C. 

2.92 

0.07 

-0.11 

-0.10 

1 

0.15 

6.33 

29 

26 

|f ‘ 

11.0 

6.55 

0.03 

0 

0.04 

0 




rainy. 


1 



1 


8.22 

31 

30 

strong 

,14.3 

7.33 

0.05 

0.02 

! 0.07 

0.02 



- ! 

wind 





1 


10.12 

1 

30 

27 

" 

15.0 

22.6 

0.29 

0.22 

0.41 

0.34 

11.37 

30 

31 

rainy 

17.0 

15.08 

0.17 

0 .20 

0.24 

0.32 

p.m. 

1.32 



rainy, 







26 

25 

strong 

17.0 

20.53 

0.36 

0.27 

0.56 

0.42 



wind 







2.54 

31 

31 

If 

17.0 

9.80 

-0.16 

-0.12 

' -0.21 

-0.13 

4.25 

27 

27 

rainy 

14.7 

4.37 

0.05 

i-°7“ 

0.08 

0.22 

5.58 

31 

30 


14.5 

4.09j 

0.07;-0.12 ( 

-0.10 

-0.16 









Beginning 
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Table 7. 

July 27. Paris tetraphylla . 

Rhododendron brachycarpum. 


leaf area 22.8 sq. cm. 
„ „ 37.1 „ „ 


Experiment 


tfi 

c 

s 

Duration 
in minutes 

1 a , 

1 g 

Weather 1 ! 

g 

_ 


! E 

& 

Pans Rhod. 

1 

i h j 

I 1 

a.in. 

5.24 

29 

30 

cloudy !»•<«:.' 

6.19 

29 

30 

llO O | 

8.25 

30 

32 

cloudy 13.0 | 

9.47 

29 

28 

rainy ' 14 r . 
cloudy 14 1 

11.33 

25 

26 

cloudy 17.0 1 

p.m.J 

1.44] 

32 

30 

change- 0 

| able | 16 - 0 j 

3.08 1 

1 

31 

31 

cloudy |l6.5 [ 

■1.44 

31 

30 

„ ,14.3 

6.11 

28 

07 

1 

.. |l3.8 j 


I | - | j Assimila* 

I § i ^ • Assimila* ,tion in mg. 

! * I ~ «a i tion in | CO «> P** r */* 


fS | Paris'RhodParis\Rhod. 
S.S2 1 0.05* 0.23-0.13 ! -0.31 


'12.2 i 8.02 0.03 ().ll 0.06. 0.17 


8.571 0.05;-0.06 0.12-0.07 


|l3.8 4.28|-0.06-0.17--0.12-0.2« 


Table 8. 

August 11. Paris tetraphylla. leaf area 31.5 sq.cm. 

Rhododendro?i brachycarjmrn. „ „ 39.5 „ „ 


Experiment 

| Duration 
' in minutes 


Weather! $ > g mg. C0 2 hour, per 

I S- ~ £! r,n nm 


! Paris Rhod. 


[ £ 

! 

! 

30 

l 

line, 
(before 
i sunrise) 

13.0’C. 

1 

28 

fine 

14.3 

\ 26.5 

30 

” 

17.5 

\ 27 

25 

M 

23.7 

; 29 

29 

change¬ 

able 

23.7 


^ I | I . .ssimiia- I 

d I ijb ^ | Assimila* j tion in mg.j 

tion in CO a , per Va 
ng. C0 2 hour, per | 
50 sq. cm. I 


Remarks 


Solar spots Solar spots 
3 on the leaf on the leaf 
for 6 minutes, for 2 minutes. 


17.5 | 9.80 0.27j 0.04 0.60! 0.04; 
23.7 I 11.50, 0.34! 0.1& O.J 0.26; 


frequently. 
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Experiment 

c Duration 

g 1 in minutes 

* 

Weather 

£ i 
2 ! 
2 1 
st : 

E ! 

ative light 
ntensity 

I Assimila- 
Assimila- Ition in mg. 
tion in jCOg, per '/a 
mg. CO> | hour, per 

1 50 sq. cm. 

Remarks 

be 

a> 

tt 

ParisRhod. 

i 


V t 

H 

01 

0m 

ParisRIwd .| Pa nV Rhnd. 

Pan* ! 

Rhod. 

10.18 

24 

24 

change¬ 

able 

24.0 

73.8 

0.47 

0.43 

o 

so 

tc. 

o 

Direct light 
on Vs part ] 
of the leaf. 

Direct light 
on Vs part 
of the leaf. 

11.19 

25.5 

24 

slightly 

clouded 

23.8 

22.3 

0 

0.07 

0 I 0.12 



p.m. 

12.58 

25 

25 

cloudy 

22.5 i 

11.78 

0.00 

0.07 

o.ioj 0.09 



1.G8 

24 

24.5 


■21.6 i 

12.48 

0 

-0.0-, 

0 -0.06 



3.01 

27 

25 

.. 

21.9 

1 _ ! 

9.18 

0,11 

O.lt 

0 .1‘jj 0.20 



4.01 

27 

26 

M 

'20.7 

6.46 

0.11 

0.14 

0.19 0.21 

! 

i _ ! 


5.00 

25.5 

25 

! 

{19.6 

: 1.82 

j 0.18 

0.05 

0.36, 0.07 

i 

i 


5.59 

!■- 

25.5 

| fine, 

! later 
i clouded 

1,8.3 

1 

, 3.15 

j-0.11 

0.14 

* ~i 

-0.15, 0.21 

1 ' 




On a very fine day (July 25) 
the assimilation depressed near 
noon time, presenting a bimaximal 
curve (Table 5). By the depres¬ 
sion of assimilation even the 
output of carbon dioxide was 
distinctly observed. This is a 
remarkable phenomenon which 
was not observed in the experi¬ 
ment of Skimmia and Sasa on 
a fine day. On a rainy day 
(July 27) the same tendency was 
shown (Table 7) but the pause 
of assimilation was not as long 
as on July 25. In the experi¬ 
ment of the other fine day 
(August 14) the maximum of 
the curve was consistent with 
that of the light intensity (Table 
8 and Fig. 5). The fall of the 
curve at noon moved to the early 
afternoon. In this experiment 
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the curve of assimilation is trimaximal. 

Although the curve of assimilation was delayed (a rainy day, July 26) 
(Table 6), yet the curve of assimilation and light intensity run hand by 
hand, being quite similar as on August 14. 

3) Streptopus ajanensis , var. japonica and Acer Tschonoskii. 

These plants were found near the former plants, so that the light 
condition was practically the same as before. 

The experiments were carried out on fine days. The results obtained 
in the morning of July 30 (Table 10) and in the afternoon of July 31 
(Table 11 and Fig. 6) showed that the curves of assimilation run failry 
parallel with the light intensity. The progress of assimilation is trimaximal. 
In these experiments the increase of assimilation was observed in the 


Table 9. 

July 29. Streptopus ajanensis , var. japonica. leaf area 21.4 sq. cm. 

Acer Tscho7ioskii. „ „ 36.8 „ „ 


Experiment 

J? Duration , 
*| in minutes 

‘St I "" 

jjj .Sfr«v>M Acer 


! B i *. | j Ansimilu- | 

I 3 i *& > : Assirmla* ;tion in mg.j 

i « I - -s' I ‘ion in ICO«, per '/, 

Weather 1 6 > £ : '"«■ C0 2 I hour, per 

j I lie _ __i 60 _!‘L_ cm - 


Remarks 


H 1 x i St rep/ j Acer'Strep/ 1 Acer, Slrept. Acer 


S oj 29 31 cloudy lia.O’C.! 4..‘57 0.14 0.11 0.33! 0.14| 


6.40 24 24 „ ,14.0 8.67 0.26, 0.64 1.04, 1.02 


8.20 29 30 


cloudy, L, 


later fine! 


16.0 It.20-0.14-0.11-0.33-0.16i 


9.451 20 26 fine 17.S 20.53 0 0.17 0 0.27! 


11.86 30 30 


19.0 32.7 0.03 0.08, 0.06 0.11! 


«I III Solar spots 

? ^ 29 :t0 TI? 20.0 37.4 0.17, 0.28 0.40 0.37,on the leave* 


Solar spots 
on the leaf 
freque ntly 


frequently 


3.08 30 I 30 cloudy 1I6.O 11.20) 0.19 0.16, 0.45, 0.20 


4.38 29 32 „ jl0,O 7.34 0.06j 0.03j 0.13-0.03 

6.10 32 32 cltnlded i 14 * 5 •'>•58-0.06 -0.19 0.14|-0.25 
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Table 10. 

July 30. Streptopus ajanensis , var. japonica. leaf area 28.6 sq. cm. 

Acer Tschonoskii. „ „ 38.8 „ „ 


Experiment 


£ 

a 


Assimila- 

Assimila¬ 
tion in mg. 



9 

1 

Duration 
in minutes 

Weather 

*4 

fi 

& 

E 

Relative li 
intensit 

tion in 
mg. CO a 

CO* per V 2 
hour, per 
50 sq. cm. 

Remarks 

I 

Strep t 

Acer 


£ 

Strep t. 

Acer 

Stiept 

Acer 

S/re/>f. 1 

Acer 

a.m. 

4.35 

20 

26 

fine, 

(before 

sunrise) 

10.6°C. 

3.28 

-0.03 

-0.06 

-0.03 

- 0.10 

' ..i 

! 


5.26 

29 

29 

fine 

11.8 

6.36 

0.17 

0.10: 0.30 

! 

0.11; 


6.31 

28 

5_ 


13.0 

8.02 

0.17 

0.18 

0.31 

0.25 



8.01 

29 

31 

slightly 

clouded 

16.8 

12.80 

0.22 

0.13 

0.40 

0.16 



9.06 

27 

25 

! 

[18.7 

1 

1 

37.4 

0.33 

0.33 

0.64 

0.51 

Direct light 
on half of 
the leaves. 

Direct light 
on the V 3 
part of the 
leaf. 

10.25 

29 

30 

1 ” 

;19.2 

28.6 

0.11 

0.06 

0.20 

0.08 



11.44 

20.5 

27.5; 

19.8 

17.34| 0.26 

0.46 

0.49 

0.64 


Solar spots 
on the leaf. 

p.m. 

1.31 

29 

32 

" 

1 

123.0 

|_ 

20.53 

0.22 

i 

0.13 

0.40 

0.16 

Weak solar 
spots on the 
leaves. 


3.00 

27 

28 


20.2 

20.53 0.03 

0.02 

0 . 0.1 

0.03 



4.24 

28 

31 

clouded, 
later fine 

|17.0 

12 80 0.23 

0.10 

0.43 

0.12 



6.25 

28 

25 

cloudy 

15.3 

5.00 

!° 

0.05 

0 

0.07 



6.22 

29 

31 

fine 

16.0 

2.73--0.il 

-0.20-0.20 

-0.24 




Table 11. 

July 31. Streptopus ajanensis , var. japonica. leaf area 20.0 sq. cm. 

Acer Tschonoskii. „ „ 38.3 „ „ 


Experiment 

j 

Weather 

fine, 

(before 

sunrise) 

fine 

1 

r « 

H 

9.5°C. 

Relative light 
intensity 

Assimila¬ 
tion in 
mg. COrt 

Assimila¬ 
tion in mg. 
C0 2 , per 7* 
hour, per 
50 sq. cm. 

Remarks 

Beginning 

Duration 
in minutes 

1 

Strvpt. 

Acer 

Stiff A. 

0.03 

Acer 

-0.03 

Strept 

0.08 

Acer 

-0.04 

Strept. 

Acer 

a.m. 

4.50 

25 

24 

4.44 

■ 


5.43 

30 

33 

12.0 

7.02 

0.11 

0.19 

0.11 

0.27 

0.13 

0.41 

• 


6.43 

25 

24 


15.8 

9.25 

0.25 

0.60 











Beginning 
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Experiment 


Duration 
in minutes 


Strept. 


8.10 

_ 20 

9.20 

! 25 

10.37 

28 

11.67 

or, 

i . 

p.m. 

1.62 

! » 

i 

3.10 

28 

4.00 

28 

6.00 

31 

0.09 

32 


Acer 

28 

23 

30 

20 

20 

20 

32 

27 

38 


Weather 

1 

a 

1 

i & 
i E 

ative light 
ntensity 

Assimila¬ 
tion in 
mg. COu 

j 

Assimila¬ 
tion in mg. 
C0 3 , per Vs 
hour, per 
50 sq. cm. 

j 

' Remarks 


: S 

H 

, 


Strep 1 

Acer 

Strep/ 

Acer 

Strept. 

Acer 

fine 

20.0 ' 

' . 7.81 

0.22 

0.22 

l 

0.57 

0.31 



” 

21.2 

1 

53.2 

0.11 

H 

0.33 

i 

0.2:1 

Direct light on 
almost all parts 
of the leaves. 

Direct light on 

1 V» part of the 

1 leaf. 

fine 
later 
clouded i 

21.2 

28.6 

0.00 

! ; 

0.08 

! 1 

0.15 

0.11 


j Solar spots on 
, the leaf for 5 
minutes. 

cloudy 

20.5 ; 

i 

27.1 

"0.05 

o.ort 

1 

-0.10 

0.08| 


Direct light on 
[ all parts of the 
leaf when sun 
shines_ 

change* 1 
able | 

22.0 | 

i 

09.8 j 

0.28 

! 

0.35 

L J 

0.71 

0.49 

[ Direct light on 
all parts of the 
leaves, when 
sun shines. 

i 

fine 

1 

25.0 

i 

42.7 ; 

1 

-0.11 

-0.14 

-0.23 

_ _ i Solar spots on 
-0.21, the leaves for I 
| 5 minutes. 

Solar spots on 
the leaf for 2 
minutes. 

! 

24.0 | 

i 

22.7 j 

i 

o. ii: 

„ ! 

0.03 

L „ ' 

0.29 1 

(uJ 

Week solnr 
spots on the 
leaves for 8 
minutes 

Solar spots on 
the leaf for 5 
minutes. 

. _! 

20.5 1 

17.34 

0.05 

; 0.09 

0.13 

_l 

0.12 



„ ,10.0 

i 1.12 

-0.09-0.32 

-0.21 

-0.33 1 





late afternoon, but this did 
not hold for the shade leaves 
of Acer. In the experiment 
of July 31 the assimilation 
was depressed at noon and 
3.10 p.m. and even the out¬ 
put of carbon dioxide was 
observed. This output of 
carbon dioxide occurred also 
on July 29 (Table 9). 

On a cloudy day, (July 
29) a strong assimilation 
was observed early in the 
morning, this phenomenon 
occurred only once through¬ 
out the experiments (Table9). 
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4) Mitchella repens , var. undulata and Ilex Sugeroki , subsp. brevipedun - 
culata. 

These plants grow on the eastern slope of a hill, thus being exposed 
to the direct sunlight in the morning. The leaves of these plants were 
very small, and for the sake of convenience the stems or branches 
were also inserted into the assimilation chamber. Since this shade 
plant (. Mitchella ) grows creepingly, in order to avoid the mixing of soil 

Table 12. 

August 2. Mitchella repens y var. undulata . leaf area 17.6 sq.cm. 

Ilex Sugeroki , subsp. brevipedunculata. ,, „ 21.6 „ „ 


Experiment 


| • "5 .I Assimila- j tion in m# 


sc [’ * • I tion in CO-, per '/j Remarks 

.5 Duration w fh . h ; £ c , m S . CO, hour, per 

I ;iH min - leS i i I ill 1 .. . 50 sq. cm. ' __ _ 

~ j Mil .: Ilex ; j H 1 x ' Mil. I Ilex MU. j Ilex ■ Mit. j Ilex 


!}T, 27 2C fine ;16.5’C.j 5.0j' 0.0(5 0 O.n 0 
4.0 1 '_ i I_' L I 

! ’ 1 ! V' 1" 

5.50 30 . 20 tIoua f d , 18.0 | 12 . 00 . 0.22 0.27! 0.03' 0.58 

I I *°r | | : | I 

i i minutes.! ! I ! ! 





t 

iii : 

Solar spots 

| Solar spot9 

6.50i 

25 

25 

change- | o1 0 
able 

! 22.7 0 JO 0 0 

on the It a- 
ves when 

on the Ica- 
\ es, when 




1 

j__ 

|_. i i _j_ J_. 

it is fine. 

it is fine. 


_ 


cloudy. 




8.12 

27.5 

28 

shine „i ■> 
for 4 " I -‘ 

20..'! j 0.14 0.0!) ! 0.4.7 0.18 

1 | 






minutes. 

i__ . ! j.___! 






cloudy. 

; | : 1 j 

i 


0.20 

30 

28 

shine - 

for 7 I st -" 

15.0(8 0.09 0.20, 0.23 0.42 

; j j • ! 

1 

| 





minutes, j 

| _1 _j _ | i_ 

1 


10.26 

28 


cloudy |22.0 

i 10.80 0.22 0.30 0.07, 0.57 






cloudy, i | 

-|. . j | 



11.31 

20 

i 

29 

shine .-» 

for 8 j 

22.0 -0.09 0.00-0.27 0.12 





j ; 

minutes. | j 

• _ _ | J j 



p.tn. 

1.05 

32 

1 32 

v 5r;*-« i 

15.7 0 ,-0.07; 0 -0.05 

_1_ j _1_ I _1 

1 


2.14 

30 

28 

IS" i 

18.94 0.08 0.09 0.23 0.18 





i ’ 

cloudy, 

i 1 



4.00 

33 

M \ 

shine h 

for 3 * 17 

8 . 08 -0 . 03-0 . 03 -0.08 r 0 . 05 






minutes. | 

j j | | 



5.35 

r^; 

! 27.5 

cloudy 20.5 j 

5.47-0.06-0.00-0.18.-0.12* 

i it, 

* 1 
l 
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August 3. 


August 4. 


Table 13. 

Mitchella repens, var. undulata. leaf area 17.6 sq.cm. 

Ilex Sugeroki , subsp. brevipedunculata. „ „ 23.2 „ „ 


Expeiimcnt 

c j Duration 
£ ! in minutes 

e i i 

&o , 1 

gjj 1 Mu. Ilex j 


Weather 


s 

4* 

i 

I 


<W | 

^ I Assimila- 
~ .s J tion in 
% | j mg. CO* 

5 .s ! 

£ 


Assimila¬ 
tion in mg. 
CO*, per '/» 
I hour, per 
j 50 sq. cm. 


a.m. 

4.38 

29.5 

32 

i 

fine jl«.0 J C. 

1* 

I ° 

26 

28 ' 

cloudy 18.5 

6.47 

34.5 

35 

change- j %>1 - 
able - 1 ’ 7 

j_ 

8.14 

23 1 

i 

23 

.. 23.3 



_ 

cloudy, 

9. as 

3i ; 

31 

shine . 

for 10 f A 




minutes., 

10.57 

26 , 


cloudy 123.8 j 

p.m. 

13.47, 

32 

32.5 

„ 25.3 

_• . i 

1.56 

29 ; 

28 

change- \ 2r .. 
able I" ‘ 




cloudy, ; 

3.1 5 

32 

34 

shine on ^ 
for 5 




minutes, j 

4.37 

i 

26.6 

27 

change- * 

able 

6.03 

23 ! 

28.5 

i 

fine .19.7 


Mit. 

Ilex j 

Mit . 

Ilex 

-0.06-0.11 

0.15 

-0.28 

0.03 

-O.Ool 

- , i 

0.09j-0.12 

0.27 

i 

0.25) 

( 

0.68 

.. . 

0.40 

0.19 

o.n 1 

0.71 

0.31 

_ 

1 

0.09! 

0.23 

0.17 

. 

0.30 

0.36 

1.00 

0.89 

______ 

o.os 

0.11 

0.22 

0.22 

1 0.13 

>- 22 

0.40 

0.51 

0.01 

i 

I 

o.os 

0.03 

^ 0.16 

1 

i 

0.30 

0.19 

0.97 

! 0.40 


.‘*.03-0.05-0.OS 0.16, 0.19 


Table 14. 

Mitchella repens , var. undulata . leaf area 18.8 sq. cm. 

Ilex Sugeroki, subsp. brevipedunculata. „ „ 23.2 „ „ 


Experiment 

c , Duration 
g ( in minutes 

Weather 1 

Temperature 

ative light 
ntensity 

j Assimila* 
Assimila- tion in mg. 
tion in CO*, per Vs 
mg. CO* ' hour, per 
j 50 sq. cm. 

pjj j Mit. Ilex 


£ 

i 

Mit. | Ilex Mit. Ilex 

4™o! 30 

~ 

cloudy, 

(before 

sunrise) 

, 

17.9°C. 

2.73 

0 -0.09 0 -0.18 

5.42 31 33 

rainy 

cloudy 

18.9 

1 3.91 

t i 

0.11-0.04 0.28-0.08 

i ( 



DAILY PROGRESS OF CARBON ASSIMILATION IN THE SHADOW 255 


Experiment 


3 

.2 

! 

Duration 
in minutes 

Weather 

2 

8. 

E 

oo 

0> 

ffi 

Mit. 

Ilex 


£ 

G.63 

20 

28 

cloudy 

19.7 

8.19 

31 

30 

rainy 

cloudy 

19.5 

9.31 

28 

28.5 

99 

13.2 

10.33 

30 

31 

99 

18.8 

11.51 

25 

24 

99 

19.0 

p.m. 

1.38 

31 

31.5 

99 

19.5 

2.30 

25.5 

20 

99 

19.9 

3.42 

31.5 

30.5 

99 

19.0 

4.58 

28 

27 

99 

18.0 

0.01 

33 

34 

99 

18.0 


~ 1 

i Assiimla- 

JZ 

i 

Assimila* ,tion in mg. 


tion in |C'O s , per '/•• 

% C 

mg. C0 2 1 hour, per 

‘J3 w 
ta c 

t 50 sq. cm. 

0) 

* 

Mit. \ Ilex J Mit. Ilex 

5.:«! 

0.07 O.OoJ 0.20 0.13 

5.53 

-0.11 -0.12-0.28-0.24 

7.02 

0.03-0.03 0.08-0.00 

! „ j 

5.53 

0.05. 0.09 0.14 0.17 

5.10 

0.11 0.09j 0.43 0.22 

7.23 

0.0.-^ 0.03j 0.07 0.03 

0.70 

O.Oo' 0.03, 0.17, 0.07 

0.98 

0.06 0.06j 0.14 0.12 

3.54 

0 1-0.06; 0 0.13 

— 

-0.08|-0.11-0.20 -0.26 


respiration, the ground 
under the assimilation 
chamber was covered with 
black paper, which did not 
reflect the light. 

The curve of assimila¬ 
tion is trimaximal and 
does not run parallel with 
light and temperature. By 
the depression at noon 
(August 2) the shade 
plant showed an output 
of carbon dioxide (Table 
12), but in the morning 
(August 4) the same was 
observed in both plants 
(Table 14 and Fig. 7). 
On these two days the 
assimilation ceased earlier 
in the afternoon than 
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usual. As shown by Table 12 the amount of assimilation in the morning 
was very large while that in the afternoon was very small. On a rainy 
day (August 4) the depression of assimilation at noon was not observed 
and moreover both the assimilation and the light intensity were very low 
(Table 14 and Fig. 7). On August 3 both plants assimilated intensely 
even in the late afternoon, especially Mitchella did abnormally (Table 13), 
and the maximum of assimilation was consistent with that of light, but 
not with that of temperature. 

In these experiments the shade leaves of Ilex usually assimilated less 
than Mitchella throughout the experiments. 

GENERAL DISCUSSION. 

From the year 1926 to 1930, Kostytschkw and his co-workers in¬ 
vestigated the daily progress of assimilation of many sun plants at various 
places under natural condition and observed the remarkable fluctuations 
of the assimilation and, moreover, they pointed out that the greater part 
of assimilation occurred in the morning. 

The results of my experiments agree with them, with exception that 
the shade plants assimilate quite distinctly even in the afternoon. Although 
the output of carbon dioxide after the intense assimilation was observed 
as in the case of Kostytschew, yet not so distinct. The output of carbon 
dioxide seems to have imporant significance for the shade plants, because 
the amount of assimilation by this plants is small. However, the shade 
plants assimilate quite large in the late afternoon but this did not always 
occur with the shade leaves of sun plants. 

As McLean (1920) observed by coco*nut leaves, the depression of 
assimilation in my experiments occurs generally near noon time, the 
strongest intensity of light in the daytime. 

The curves of assimilation are not consistent with that of light as a 
whole, but agree with it in parts. This may be attributed to the other 
factors which play also important parts by the assimilation. 

Although the rising of temperature was observed on August days, 
compared with the July days, no distinct effect of temperature change on 
the assimilation was found by the experiments. These results may be 
explained by the characteristic assimilation of the shade plants, which 
usually assimilate very sparely under the various conditions. 

Shade leaves of sun plants always assimilate less than the shade plants 
as shown by the tables. This is a distinct and interesting phenomenon 
from the ecological view point and is worthy of further study. 
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SUMMARY. 

1- The experiments on the daily progress of assimilation of shade 
plants and shade leaves of sun plants under natural conditions were carried 
out in the Mt. Hakkoda botanical garden of our institute. 

2. The assimilation in the morning is always stronger than that in 
the afternoon. Strong assimilation in the late afternoon is observed hy 
the shade plant, but this was not always so in the case of shade leaves 
of sun plants. 

3. A remarkable depression of assimilation usually occurs near noon 
time, excepting on rainy days. The curve of assimilation does not always 
run parallel with that of the light, especially no twith that of the tempera¬ 
ture. It runs, however, in a similar manner on fine, rainy and cloudy 
days. 

4. The shade leaves of sun plants usually assimilate less than those 
of the shade plants. 


The writer wishes to express his hearty thanks to Prof. Dr. Y. Yoshii, 
under whose direction these experiments were carried out. 
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I. INTRODUCTION. 

It has long been known that the marine invertebrates and elasmobranchs 
are readily permeable to water and, furthermore, the osmotic pressure of 
their blood and body fluids is almost similar to that of the surrounding 
medium. If the osmotic pressure of the medium is changed by dilution 
or concentration, their blood and body fluids are shown to change in the 
same direction and attain in a comparatively short time almost the same 
osmotic pressure, or their volume and weight increase or decrease corres¬ 
pondingly, showing the diffusion of water from the place of higher to one 
of lower osmotic pressure (Boitazzi, 1897, 1908; F. Fredericq, 1882, 
1901; Quinton 1897, 1900; Dakin 1908; and many others). There are, 
of course, a few marine forms of invertebrates which can regulate the 
osmotic pressure of their body fluid to one different from that of the 
medium (see R. Maruaria 1931). 

Although it was considered by the majority of the investigators that 
the animal body is not permeable to salts (Bottaz/j and P. Enriques, 
1901; V. Henri and S. Lalou, 1903; L Fredericq, 1904; A. B. 
Macaulum 1903, 1901), the more recent researches by A, Brthe (1928, 
1930) have shown both chemically and osmotically that the surfaces of 
the same species of animals employed by Fredericq and by Bottazzi 
(Aplysia, Carcinus) are not only permeable to water but also to the very 
salts in solution in the sea water and other substances. And the rate of 
diffusion of salts is, in general, slower than that of water, but is fast enough 
to be of physiological significance. The skin of these animals serves only 
as a protecting barrier to prevent the loss of the body colloids. 

Pantin (1931) also has described the electrolyte exchange of the 
estuarine flat worm, Gunda ulrae . 
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Most marine invertebrates, I think, are permeable to salts in the sea 
water; the question is, how freely are they permeable-to each ion. 

The present investigation is concerned with the way in which the surface 
of Caudina chilensis , including or excluding the mouth-alimentary-tract and 
anus-respiratory-trees, is permeable to water and to the predominating ions 
in the sea water. 

The actual experiments were performed at the Asamushi Marine Biolo¬ 
gical Station but the chemical analyses were made at the Biological Insti¬ 
tute at Sendai, from August 1929 to November 1931. 

In this place I wish to express my sincere thanks to Prof. Dr. S. Hatai, 
Director of our Institute and of the Asamushi Marine Biological Station, 
for his kindness in giving me valuable criticisms during the course of my 
study and in reading this paper in spite of his precious time. 1 am 
also indebted to Assist. Prof. Dr. S. Kokubo, Mr. K. Sawano, Mr. T. 
Tamura and all other members of the Station for their assistance and 
warm friendship during my stay at Asamushi. 


II. MATERIAL. 

The animals were collected from the shallow beach of Moura Bay, 
near the Asamushi Marine Biological Station, where they were found 
abundantly embedded in sand. The collected animals were kept in an 
aquarium with sand under the running sea water at the Station. 

The healthy animals dig the sand and remain there as long as the 
conditions are satisfactory. The unhealthy ones are unable to burrow 
sand; they crawl out. All the animals used in this experiment were as 
fresh and as healthy as possible. 

Next I shall describe some features of the animals necessary for the 
present investigation, (see N. Kawamoto 1927). 

The animal is spindle-shaped, posterior part or tail, being elongated 
and slender. The body wall which consists of epithelium, connective 
tissue and circular muscles, is soft and translucent and on the inner surface 
of it five pairs of longitudinal muscles are attached in position which 
corresponds to the ambulacral zones. The tube feet are absolutely wating. 
The mouth, surrounded by tentacles, opens at the anterior end and the 
anus at the end of the tail. The genital papilla is situated near the 
mouth along the dorsal interradius. According to N. Kawamoto (1927), 
the body cavity is continuous with the exterior by the five pores in the anus 
which he called the “ Cocloanal canals.” To this point I will refer soon. 
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Most of the respiration of Caudina takes place in the respiratory trees 
through the cloaca! chamber. Several c.c. of sea water are inhaled little 
by little until they entirely fill the respiratory trees, then exhaled at a 
breath while the sand which was swallowed through the mouth is thrown 
from the anus with the exhaled water (Ogawa 1927). This is regularly 
repeated at the temperature over 10°C. Since under 10°C. the respiration 
is irregular and slight, so I made experiments at the temperature over 15°C. 

The body cavity is filled with a red colored fluid in which the alimentary 
tract, respiratory trees, gonad, etc. aie bathed. The body fluid contains 
both red and white corpuscles to which its color is due. The circulation 
of the fluid was observed by Y. Yazaki (1930). The body fluid normally 
does not coagulate in the air. In a certain case it is found divided into 
two phases, i.e., agglutinated corpuscles and turbid liquid. If the body 
fluid is allowed to stand in a vessel, the corpuscles are deposited in a 
comparatively short time. The supernatant liquid is colorless or yellowish, 
always turbid in some measure with a small quantity of organic substances, 
such as protein. 

III. THE COLLECTION AND THE TREATMENT OF THE BODY FLUID. 

To obtain the body fluid, Caudina was removed from the aquarium, 
washed with water and again with distilled water, then wiped with a dry 
towel; the abdominal part of the body wall was cut carefully with scissors, 
so that the body fluid might not be contaminated by fluids or substances 
from the other organs, such as alimentary tract, gonad etc., and the fluid 
was received in a hard glass beaker. About 5 to 20 c.c. of the body fluid 
were obtained from a single individual. The body fluid was then placed 
in a hard glass centrifuge tube with a cap and centrifuged for 3 to 5 
minutes at 2000 to 3000 revolutions per minute so as to precipitate the 
blood corpuscles. The supernatant fluid was used for the present in¬ 
vestigation. 

IV. OSMOTIC AND IONIC EQUILIBRIUM BETWEEN THE BODY 
FLUID OF THE ANIMAL AND ITS SURROUNDING 
MEDIUM (NATURAL SEA WATER). 

According to K. Okazaki and T. Koizumi (1926), the body fluid of 
Caudina chilensis is in osmotic equilibrium with sea water in nature and 
the predominating ions in the body fluid are very nearly in the same 
concentrations as those in which they occur in the sea water except that 
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Mg-ion in the body fluid being in a little lower concentration than in the 
sea water. Having doubts regarding this point, I have made the analyses 
again as much as it concerns with the question of the permeability of 
the animal surface to water and ions in solution in the sea water. 

A. The Specific Gravity , the Freezing Point Depression 
and the Electric Conductivity. 

1. Method. 

Animals were kept in contact with the sea water in a large glass jar 
in the thermostat at least five hours to establish equilibrium, and were 
then used in the experiment, (see method of V.) 

The specific gravity (d) was determined by means of the Ostwald- 
Sprengel pyknometer. The freezing point depression ( J) was determined 
by the Beckmann thermometer, about 4 c.c. of the fluid being used. The 
specific conductance (£) was measured by the Wheatstone bridge method, 
about 3 c.c. of the fluid being used. 

All the determinations were carried out at constant temperature; the 
range of variation of the thermostat was ±0.04°C. 

2. Experimental result. 

The experiments are summarized in Tables I, II and III. They show 

Table I. 



Specific gravity: d , l i L, ' 5,, 

Experiment No. 

--- 

— 


Body fluid 

Sea water 

i 

I.0250 

1.0241 

« 

1.0248 


hi 

1.0252 



Table II. 


Experiment No. 

Freezing point depression: A 

Body fluid | Sea water 

IV 

1.90 

1.91 

V 

1.02 


VI 

1.76 

1.78 

VII 

1.77 


VIII 

1.79 
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Table III. 


Experiment No. 

Specific conductance: fC 25°±0.02 

Body fluid 

Sea water 

IX 

0.0480 

0.0481 

X 

0.0481 

0.0481 


that the specific gravity, the freezing point depression, and the conductivity 
of the body fluid of Caudina are very similar to those of the surrounding 
sea water. 


B. The Chemical Composition (Inorganic Analysis). 

1. Method. 

5 to lOc.c. of the body fluid, freed from corpuscles, were measured 
accurately with an ordinary certified full-pipette (owing to its small viscosity) 
into a 50 c.c. measuring flask and lOc.c. of distilled water and one drop 
of capryllie alcohol were mixed with the fluid. Then 12 to 13 c.c. of 
12% solution of trichloracetic acid were added gradually, the flask being 
shaken gently while the acid is being added. After 10 minutes the content 
was made up to the mark by the addition of distilled water, and was well 
shaken and then filtered through a dry filter which is free from salts, 
while the first few c.c. of the filtrate were thrown away. 35 c.c. to 40 c.c. 
of the filtrate were accurately transferred into a hard glass Eklenmeyer 
flask by a full-pipette and the whole was evaporated to dryness under 
lOO’C. When cooled in the desiccator the residue was dissolved in 30 to 

50 c.c. of N. HCI, solution measured accurately by means of a certified 

pipette. The resulting solution was stocked for the determinations of Na, 
K, Ca, Mg, and S0 4 ions. The determination of chlorine ion was performed, 
another sample being used. 

The mode of the analytical procedure adopted, was, passing from ion 
to ion, to determine one of these in the whole series of samples; then 
similarly the second, etc. Each determination for a given sample was 
made at least twice, often three or five times, and the value ultimately 
adopted was the mean of two or three coinciding values. 

No microanalysis is freed from errors; hence I did not always adopt 
the newest method of determination but adhered to one which was well 
practised by me; in each case a solution containing a known nearly identical 
amount of Kahlbaum’s guaranteed reagents was analysed simultaneously. 
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This operation was especially necessary to determine the potassium and 
calcium ions. 

All the chemicals used in this investigation were 44 Kaiilbaum for 
analysis’’ or its substitute, and the vessels used for analyses ones of 
44 Pyrex ” or its substitute. 

The sodium was determined by the Kkammek-Gittlkman’s method 
(1924), 2c.c. of the sample being used for each determination, which 
correspond to ca. 1/5 volume of the body fluid ; potassium by Kkammer- 
Tisdall’s method (1921), 2c.c. of the sample being used and NaNO* 
added prior to precipitation to neutralize HC1; calcium by means of the 
Clark-Collip’s modification of the Krammer-Tisdall’s method (1925), 
2c.c. of the sample being used and CH»COONa being added before 
precipitation to displace HC1 by CH^COOH ; magnesium on the calcium- 
free filtrate by the method of Denis (1922), 2c.c. being used; and the 
sulphate ion by E. G. Wakefield’s method (1929), 1 to 2e.c. of sample 
being used except that I did not break up the precipitate in washing with 
acetone for fear of being uncapable of reprecipitation when being recentri¬ 
fuged and that I did not adopt the colorimetry but adopted the acidimetry 
after Fiske, C. H. (1921). The source of errors of this acidimetric benzidine 
method for the determination of sulphur has been discussed by Fiske 
(1921) and by William C. Stadie and Effle C. Ross (1925). According 
to Stadie the quantitative precipitation of benzidine sulphate is independent 
of pH over a wide range from 7.0 to 1.6, and the ratio of benzidine 
hydrochloride to base in milliequivalents, may be varied from 1.4 to 4.0 
with results within the limit of error {1%). These conditions were also 
satisfied in the present samples. The determination of chlorine ion was 
performed by the method of Whitehorn (1921). Some determinations 
were made by the common method of Vorhard (in the case of studying 
the kinetics of osmotic equilibration). 

2. Experimental results and discussion. 

The experimental results are summarized in Table IV. They show 
that the inorganic composition of the body fluid freed from corpuscles, so 
far as Na\ K # , Ca'*, Mg", Cl', and S0 4 " are concerned, is very similar to 
that of the sea water which is in equilibrium with the animal. 

As was stated above (II), we have 3 probable ways of permeability, 
the mouth-alimentary-tract, anus-respiratory-trees, and the body surface, 
and one way of communication, i. e. coeloanal canal after Kawamoto 
(1927). As to the first three ways, we may think of the influence of the 
colloid, namely protein in the body fluid. However, its concentration being 
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Table IV. — Inorganic Compositions of the Sea Water and 
the Body Fluid of Caudina in Equilibrium. 


Experiment 

Concentration in 

grs. per 100 c.c. 

Dates of collection 

CV 

SO/' 

Na* 

K* 

Ca" 

Mg" 

and of analysis. 

Equilibrium sea 

1.810 







water 






Collection: 









Animal No. 11 

1.914 

— 

— 

— 

— 

— 

Oct. 7, 1828. 

12 

1.916 

— 


— 

— 

— 

Analysis: 

13 

1.900 

— 

— 

— 

— 

— 

Jan. 1930. 

14 

1.900 

— 

— 

— 

— 

— 


16* 

1.907 

— 


— 

— 

— 


Equilibrium sea 
water 

1.928 

0.277 

1.07 

0.040 

0.0425 

0.123 

Collection: 

Animal No. 1' 

.r 1 

— 

0.290 

1.02 

1.07 

0.043 

0.043 

0.0413 

0.041 

0.122 

Oct. 6, 1929. 
Analysis: from Feb. 
to Apr. 1930. 

4' | 

— 

0.279 

1.02 

0.044 

0.0419 

0.130 

ft' 

! — 

0.296 

1.00 

0.040 

0.043 

— 


Equilibrium sea 
water 

i 

j 1.918 

0.278 

_ - 

1.0ft 

0.040 

0.012 

0.124 

Collection: 

Oct. 6, 1929. 





. | 



Animal No. 7 

! — 

0.283 



0.0433 

0.121 

Analysis: from Feb. 

8 

j — 

0.270 

1.04 

0.044 

0.045 

0.123 

to Apr. 1930. 

9 

1 

0.279 

1.02 

0.043 

0.044 

— | 


Equilibrium sea 
water 

| 1.879 

0.200 

1 

1.00 

0.041 

0.039 

0.132 

Collection: 







Dec. 2, 1930. 

Animal No. 10* 

u *i 

CD CD 

x oc 

0.200 

0.200 

1.01 

1.01 

j 0.044 i 
0.044 | 

0.039 
0.039 j 

0.131 

0.126 

Analysis: from Dec. 

2, 1930 to Jun. 1931. 


16*: mixture from 8 animals. 

10*: mixture from 4 animals. 

11*: mixture from 2 animals. 


very low and the microanalyses being not so exact, the Donnan’s membrane 
equilibrium (Donnan, 1911; Donnan and Harris, 1911 ; Donnan and 
Allmand, 1914; Donnan and Garner, 1919), is out of question. 

Kawamoto emphasized that he found 5 pores or coelo-anal canals at 
the posterior end of Caudina . Indeed wc have occasionally observed the 
discharge of red colored body fluid from these 5 pores around the anus 
under varied circumstances such as on forcibly pulling the animal out of 
the sand, when it makes an effort in sand burrowing, or on being put in 
sea water without sand to burrow, or in unfavorable solutions, viz, hyper¬ 
tonic and hypotonic sea water, isotonic solutions of single salts such as 
KC1, MgS0 4 though not always the case with several other salts so far 
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tried. Since the animal which had contracted to small size while discharging 
the body fluid, in so far as I observed, was never restored to its original 
size or weight again, it seems to me that the inhalation of sea water 
from the pores is not the custom with Caudina. 

Since, as regards the composition of corpuscles, I have only one sample 
of analysis, I shall reserve the data for some future occasion when I shall 
have made another analysis, and now content myself with describing that 
their ionic ratio is entirely different from that of the body fluid freed from 
corpuscles, owing to the presence of haemoglobin etc. as we see in blood 
of other animals; the concentration of inorganic phosphates, both in the 
body fluid (free from corpuscle) and in the corpuscles is as negligible as 
.that in the sea water. 

V. THE KINETICS OK OSMOTIC EQUILIBRATION AND 
IONIC PERMEATION. 

The following study is concerned with the way in which the osmotic 
change measured by changes of the chlorine ion concentration, the freezing 
point depression, and the electric conductivity occurs while the water 
and ions diffuse through the animal surface including or excluding the 
mouth and anus, and with the rate of penetration of each ion in sea 
water through it. 

A. Theory . 

In order to account for the experimental fact of the permeability of 
the body wall of the animal to water and ions, quantitatively in terms of 
the osmotic laws, it is necessary to make certain assumptions concerning 
the animal and its surrounding medium: 

1. The resistance to the diffusion of water and ions, per unit area 
of the skin, is constant. 

This assumption was adopted by B. Lucre, II. K. Haktune, and M. 
McCutcheon (1931) in the case of the Arbacia egg. Northrop (1928), 
however, has considered the change of the membrane thickness due to 
the volume change produced by transport of the water. They agree with 
each other on neglecting the elasticity of the membrane on deriving the 
equation. This will be discussed later on. 

2. The activity coefficients of the electrolytes are considered equal to 
unity for the sake of simplicity. 

3. The concentration of the inner fluid and the surroundings are kept 
uniform. The time, required to equalize concentration differences within 
the body of the animal, across the alimentary trad between the body 
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fluid and the solution in the alimentary canal, is neglected as compared 
with that required for the water and (ions) to diffuse across the body wall. 

This assumption makes the mathematical treatment of the permeability 
of body wall simple. This will soon be discussed. 

4. The volume of the surrounding medium is so large that the con¬ 
centration of each ion is unchanged in spite of exchanges of water and 
ions between the medium and the body fluid. 

If we denote by — 

C —the concentration of the osmotically active substances per unit 
volume of the inner fluid of the animal, 

V=the volume of the inner fluid, 

g=the total amount of the osmotically active substances of the inner 
fluid, 

S = the permeability surface of the body wall of the animal, 

C,„=-the concentration of the osmotically active substances per unit 
volume of the medium, 
t—the time, 
then, we get — 



And differenciating (1) with respect to t, 

_ ac ac dv _jc d g 

dt av dt 3g dt 

= _g dV _ 1 _dg 

V* dt V dt 

= c _dV_ 1 dg 

V dt V dt . K ' 

dC 

Here is the rate of change of concentration of the inner fluid. 

When the animal is not in osmotic equilibrium with the external medium, 
we observe the process of swelling or of shrinking. 

Accordmg to the assumption 1 (and 3) the rate of transport of water 
across a unit area of the body wall depends only on the difference in 
the osmotic pressure (consequently the concentration) of the inside and 
outside solutions, and is appropriately assumed to be proportional to it as 
shown by other workers (Lillie 1916; Northrop 1927, 1928; B. Lucre, 
N. K. Hautune, and M. McCutcheon 1931 etc). 

This rate of transport of water is measured by the rate of change in 
the volume of the inner fluid or, 
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~ -k' t S(C-C„)-k/'S(C-C m ) =k 1 S(C-~C m ).(3) 

in which k/, k/' are the factors of proportionality and ~k|"S(C — C m ) is 
the term due to the leakage ion. 

And the force of diffusion of ions across the membrane is assumed to 
be proportional to the concentration gradient less (or more) the resistance 
produced by diffusion of water; or 

—^-=k s 'S(C - C m ) - k s S"(C - Cm) = k,S(C - Cm).(4) 

at 

where k' 2 , k 2 " are the factors of proportionality. 

In general, - =k : ,S(C, - C, (ll ) ± k,"S(C - C m ) .(4') 

where i means i ion and C, C m are the total concentrations of all kinds 
of ions. Substituting these value of and ^ in (2), wc obtain 

— — ~ k[S(C — Cm) + ~ k 2 S(C -CJ 


—y- (C-Cm)(k,C + k s ) 


(5) 


On integration, assuming that ^ is constant, we obtain : 


0.4343 K= 


1 

t(Cm + ^) 


_(C..-C m ) (c+ t' > 

8 (c-cj (c„+ -£*") 


( 6 ) 


Here, log is the common logarithm ; K is a constant and equal to v ki; 

C 0 is the initial concentration of the inner fluid; C is the concentration 
of the body fluid at the time t; t is the time from the beginning of the 
experiment. 

(C+-jf) ^ 

If as a first approximation - , l — is equal to 1, and C m +v- is 

(c “ + T7 ) ^ 

practically constant within the limit of change of C m , the Equation (6) 
becomes a monomolecular one, or 

1 . C„-C„, 


0.4343 K'= 


log 


C-C„ 


(7) 


in which K/ is (C m ki + k.) and all other terms have the same meanings 
as before. 
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If total concentration of ions in both sides of the membrane is constant 
while concentration of each ion is different, it seems to me appropriate 

to assume =0 in the Equations (2) and (3). Consequently the equa¬ 
tion (4') becomes 

—dt “ =k « ,S(C ‘ ~ Cni,) . (8) 

On combining the Equations (8) and (2) one obtains — 

^ L= v ks/(C, “ Cro,) . (10) 

If one assumes that — = constant, one obtains, on integration, a mono- 
molecular equation, or 

0.4343 K ."—log (9) 

t V^rnl 

Here, log is the common logarithm C 0 i is the initial concentration of i ion 
of the body fluid; C n)1 is the concentration of i ion of the medium; Ci is 
the concentration of i ion of the inner fluid at the time t; t is the time 

from the beginning; K" is the constant and equal to ~^-k 2l '. 

From Equations (3) and (4) we obtain — 
dg 

<jt _dg Jg k, , im 

_dv dV JV k, . {> 

dt 

B. Method. 


Given in Figs. I and II are diagrams of the apparatuses used. 

In order to maintain uniform concentrations and temperature throughout 
the experiemental baths ((A), (A'), (B)) and also to keep the pH of the 
baths steady, and to supply oxygen, fresh outdoor air was passed through 
the baths during the course of the experiment by means of a water-blower 
which was fitted up as shown in (C). It consists of an aspirator and a 
bottle. Water, carrying air with it, passes into the bottle, where the 
water collects while the air passes out through the outlet tube into the 
baths. 

The solution in (D) and in (E) is the same solution as is contained in 
the animal bath. 

(A) is a 13 L. glass jar with a flat air tight ground-on lid. The lid 
is furnished with 3 holes, one for the thermometer, the others for inlet 
and outlet tubes. For supporting the animals, two frames of glass rods 








Fig. I (a. b.). Diagram showing the ar* and anus being outside the experimental 

rangement of the apparatus for the study solution, 

of the permeability of the body surface of 
Caudina to water and salts in sea water. 

with feet and one desiccator plate, of glanzed porcelain, with several 
large holes, were used. For studying the permeability of animal body 
wall alone, after all possible exhalation of water from the respiratory trees 
takes place, their tails were put in the centrifuge tubes which are then 
bound to the animals in order to receive the water and inner fluid which 
may come from the anus, the animal was so tied to the glass frame with 
cotton strings that their mouths and anal parts together with centrifuge 
tubes were outside the solution as shown in Fig. II. (A') is similar to 
(A) except that for supporting animals, the glass-frame with short feet, 
and covered with a cotton gauze perforated with numerous holes is used 
instead of one porcelain plate and two glass frames. This was used for 
studying the permeability of the whole surface of the animal, including 
mouth and anus. 
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(B) is a similar jar to A and A'. 

The whole apparatus except (C) was placed in the thermostat. The 
scullery of the laboratory at the Station served for the thermostat bath 
in which water was filled. For the heating element two electic carbon 
lamps, one for constant heating, the other for controlled heating, were 
employed. The heating current was controlled by means of an electromagne¬ 
tic relay, in conjunction with a toluene-mercury thermo-regulator. The 
electric current employed both for heating and controlling was the 
alternating current of 100 V. The range of variation of the thermostat 
was ±0.04 o C. 

Before the experiments, the animals were left in (B), a large volume 
of solution for 10 or 15 hours so that they might become in osmotic 
equilibrium with the solution, and unhealthy animal is easily detected and 
eliminated from the experiments. Then the animals were taken from (B), 
the chemical composition, the freezing point depression, and the electric 
conductivity of the solution therein being measured, (ordinary sea water, 
diluted or concentrated sea water) and put in (A) or (A'), in the same 
sea water, diluted or not diluted with distilled water or concentrated by 
evaporation according to the purpose of the experiment. The volume of 

the experimental medium was ca. 12 L. 12 L. which were so 

large that the concentration of the medium was unchanged in spite of 
exchanges of water and ions between the medium and the animals. The 
dilution of the sea water by the addition of distilled water to 3/5 (3 
parts of sea water and 2 parts of distilled water) is about the limit of 
the dilution of the sea water, since in the medium diluted to one half, 
haemolysis of most of red corpuscles takes place. 

The freezing point depression, the chlorine ion concentration, and the 
electric conductivity were measured by the same methods as in IV. PH 
was determined colorimetrically, 5 c.c. of the solution being used. The 
value was corrected for the salt error. 

One or two animals were used for a single determination. Swelling 
or shrinking of the animal was measured by weighing after the animal 
was wiped by a dry towel. In the case of the permeability of the whole- 
body-surface, the body weight was measured after the animal exhaled as 
much water as possible from the respiratory trees; the exhaled sand was 
filtered on a glass-filter and weighed. The body weight which is described 
as such, is the sum of the two. In the case of the permeability of the 
body wall, as described above, a centrifuge tube was tied to the tail of 
the animal. Therefore, in this case, the body weight means total weight 
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— (centrifuge + cotton string). 

The volume of the inner fluid of the animal, which consists, for the 
most part, of the body fluid and of a small quantity of the fluid in the 
alimentary canal was determined as follows: first the total body was 
weighed and then the body wall was cut, and the inner organs and sand 
with the alimentary canal were removed and weighed after their containing 
water was removed as much as possible by means of a glass-filter and a 
filter pump. The body wall was weighed after being wiped by a dry 
towel. From the total body weight the weight of the inner organs, sand, 
and body wall was subtracted and the remaining weight was divided 
by the specific gravity of the inner fluid. Since the chlorine content of 
the body fluid is very similar to that of the fluid in the alimentary canal 
(see V, C, 1, c and Table XVIII) and the specific gravity of the body 
fluid containing corpuscles is equal to that of sea water of same chlorine 
ion content within the limit of error (lOc.c. of the body fluid containing 
9% corpuscles weigh 10.251 grams at 12.7 C while the same volume of 
the equilibrium sea water weighs 10.247 grams; lOc.c. of the body fluid 
containing 1696 corpuscles weigh 10.298 grams at 16.7 C. when the 
equilibrium sea water weighs 10.237 grams.), so was obtained the specific 
gravity of the body fluid, though not exactly, from the relation between 
salinity, specific gravity, and chlorine ion content per c.r., i. e., by means 
of the A. Schumacher’s graphical determination of specific gravity of sea 
water from t 1 (C) and S {% o ) (1922) and the Knudsen’s relation: S 
X =0.030 +1.8050 Cl, where S X means salinity of the water, and 
Cl is the weight of chlorine ion in grams per 1000 grams of sea water. 
As most of the body fluids have about 5 () /o corpuscles, so was designated 
the 95 % of the last quotient as the fluid part of the body fluid. 

After each experiment, some animals were returned to ordinary sea 
water and sand. Normal sand burrowing took place as usual; they were 
healthy. Some animals for the body-wall-permeability could not dig sand, 
not due to their unhealthiness but to the fact that parts of the bodies 
used for sand intrusion had long been tied with cotton strings. 

In order to study the swelling or shrinking of the animal, it is 
necessary to determine in the first place whether or not the animal, as it 
rests in the normal sea water which is in equilibrium with the animal, 
has the constant body weight for the number of minutes required for 
the experiment. 

The data are given in Tables V, VI and, Figs. HI, IV indicating that 
the body weight is practically constant, especially in the case of body- 
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Table V. — The Body Weight of Caudina put in the Normal 
Sea Water, its Mouth and Anus being outside 
the Sea Water. (Fig. III). 

Sep 18, 1930; Medium temp.—20°rfcl o C.; CK in sea water —1.90 grs./100c.c. 
Cl' in body fluid =* 1.91 grs./lOO c.c. 


Animal No. 

Time in mins. 

Body weight 
in grs. 

I 

0 

40.6 


52 

40.6 


149 

41.1 


249 

40.8 


388 

40.8 


527 

40.5 


053 

40.6 


797 

40.4 


900 

40.0 


1217 

41.4 

II 

0 

45.6 


00 

45.6 


150 

45.6 


245 

45.7 


358 

45.8 


501 

40.1 


046 

46.1 


790 

40.1 


892 

45.9 


1222 

45.8 


Table VI. — The Body Weight of Caudina in the Normal Sea 
Water, whole Body being put in it. (Fig. IV). 

Aug. 16-17, 1929; Medium temp.-26°± 1°C. 


Animal No. 

Time in mins. 

Body weight 
in grs. 

I 

0 

35.0 


10 

34.8 


36 

34.0 


60 

34.1 


85 

33.3 


125 

34.3 


245 

34.3 


305 

34.5 


365 

34.9 


445 

35.2 

11 

0 

18.7 


75 

18.0 


240 

17.3 


295 

17.7 


420 

17.2 

. 

1105 

17.4 
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Animal No. 

Time in mins. 

Body weight 
in grs. 

Ill 

0 

22.5 


70 

22.5 


190 

22.8 


285 

22.8 


385 

23.0 


1110 

23.0 

IV 

0 

26.5 


120 

26.4 


2S0 

27.0 


340 

26.5 


440 

27.8 


1160 

26.1 


47.o 

40.0 

45.0 

41.0 

43.0 

42.0 

41.0 

40.0 

flJLO 


0 100 200 300 400 ft()0 000 700 800 900 1 000 111)» 1200 1300 1400 

Fig. III. Constancy of body weight of Caudina in ordinary sea water, 
its mouth and anus being outside the medium (Table V). 

Ordinate: Body weight of Caudina in grs. 

Abcissa: Time in mins. 

wall-permeability. It is very difficult to weigh Caudina correctly, in the 
case of the whole-body-surface-permeability, owing to its inhalation and 
exhalation of water (respiration) which sometimes amounts even to 1/1 of 
its body weight. In addition to this Caudina sometimes discharges the 
body fluid. So that during the course of the experiment on the constancy 
of the body weight, its discharging had to be watched. 
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Fig. IV. Constancy of body weight of Caudina in ordinary sea water, its body, 
ns a whole, being put in the medium ('Fable VI.'. 

Ordinate: Body weight of Caudina in grs. 

Abcissa: Time in mins. 


C. Results and Discussion. 

1. Osmotic equilibration across the body wall, mouth and anus being 
outside the experimental solution or body-wall-permeability. 

a. The experiments on swelling or shrinking of the animal. The 
results are given in Table VII and Fig. V, showing swelling or shrinking 
of animal, i. e. increase or decrease in its body fluid in which swelling or 
shrinking of other organs, for example, body wall is contained (see Tables 
XXIII, XXIV). 
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Table VII. — Volume or Weight Change of Caudina caused by 
Transport of Water Across the Body Wall (Mouth 
and Anus being excepted) (Fig. V). 

July 29. 1931. Room temp.-.2l°C. 

Thermostat temp. - 22°dr0.02°C. 

Initial body thud —13.5 grs. 

(I) Initial medium in equlibrium with the animals —sea water (pH — 8 3; Cl' — 
1.90 grs./lOO c.c.; Vol.-ll.7L.) 

Experimental medium— sea water diluted to 3/3 (pH^8.2; Cl'--1.14 grs./lOO 
c.c.; Vol.--ll.7L.) 


Time in mins. 

Body weight without 
sand & with water 
in the centrifuge 
tube in grs. 

Water in the 
centrifuge 
tube in 

1 Cl' in 

grs./lOO c.c. 
body fluid 

0 

28.9 ! 

0 

*.1.90 

23 

29.4 | 

0.1 


08 

29.7 ' 

0.1 


200 

30.9 

0.1 


351 

32.1 

0.25 


529 

32.0 

0.15 


724 

32.3 

0.20 


831 

32.2 j 

0.2 

1.17 


July 30, 1931. Thermostat temp.--22 9 ±0.O2°C. 

Initial body fluid —17.0 grs. 

(II) Initial medium in equilibrium with the animals (contact hours - 24 h.)--the 
experimental medium in the Experiment I. 

Experimental medium —sea water (pH -8.25; Cl'--1.90grs./lOOrc.; Vol.** 

11.7 K) 


0 

31.0 

0 

27 

30.7 

0.3 

97 

29.8 

0.5 

161 

28.9 


250 

28.2 


450 

27.0 


595 

27.3 

,, 

921 

20.9 

0.55 


July 30, 1931. Initial body fluid 27.3 grs. 
(1H) The same condition as in Experiment II. 


0 

43.0 

0 

! 1.14 

39 

42.4 

0.0 

1 

105 

41.7 

0.8 


171 

40.7 

0.9 

- 

262 

39.8 

1.1 


464 

38.8 

! 


611 

’37.0 

\\ 


931 

37.3 

1.2 

; 

1259 

37.0 

1.23 

1.85 
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Fig V. Swelling and shrinking of Cauditta, its mouth and anus being 
outside the medium (Table VII). 

Ordinate: Body weight of Cttudtna in grs Aheissa: Time in mins. 


b. To what extent does the monomolecular equation fit the data ? 
The following groups of the experiments were designed to answer the 
question, to what extent does the monomolecular equation fit the data in 
the case of permeability of the body wall ? The experiments of this 
character are summarized in Tables Vill-XVIII or their compiled Table 
XIX and Figs. VI A Vl„. 

Table VIII. — Chlorine Ion Concentration of the Body Fluid. 

I. Aug. 23, 1930 Temp.-^27'rfc l n C 

Initial medium normal sea water (Cl' -1.80; pH —8 2) 

Experimental medium -diluted sea water (O'- 1.40; pH -8 2-8 0) 



Concentt ation of i 


Time in mins. 

chlorine ion in grs. 
pei 100 c.c. of the 

0.4SI3K'---] 


body flu’d. 

0 

1.80 

_ 

25 

1.76 

0.0018 

70 

1.71 

0.0016 

132 

1.65 

0.0013 

2,55 

! 1.55 

0.0018 

320 

I 1.52 

0.0016 

302 

■ 1.50 

0.0015 

•137 

1.49 

0.0015 

tg. 25, 1930. Temp.27 ±1°C 



Initial medium -normal sea water (Cl'--1.79; pH — 8.2) 
Experimental medium—diluted sea water (Cl'-1.05; pH -8.2-8.0) 
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0 

1.790 

— 

24 

1.73 

0.0015 

04 

1.64 

0.0015 

116 

1.494 ; 

— 

210 

1.367 

0.0017 

311 | 

i 1.25 ! 

0.0018 

412 

1.20 

0.0017 

528 

| 1.11 

0.0017 

657 

1 i-io 

0.0018 

819 

: 1.08 

0.0017 

942 1 

i 1.06 


1072 i 

1.06 

— 


HI. Aug. 31, 1930. Temp - 27 °± 1"C. 

Initial medium =-normal sea water (CK--1.88; pH - 8.2; 

Experimental medium--Concentrated sea water (Cl'- 2.19: pH -8.2 8 0) 


o t 

1.88 

— 

20 ; 

1.91 1 

0.0022 

45 i 

1.94 

0.0021 

86 , 

2.00 

0.0025 

140 1 

2.04 

0.0025 

228 | 

2.10 

0.0024 

320 

2.11 

0,0018 

415 j 

2.14 


528 1 

2.17 ! 

—- 

688 

2.187 

— 


Table IX. — Concentration of Chlorine Ion of the Body Fluid. 
Parenthesis in the Column Indicates the Concentration 
of the Fluid in the Intestine. 

Initial medium - Normal sea water. 

Experimental medium-^Sea water diluted to >1/5. 

(A) Aug. 2 3, 1931. Temp. -27°±0.04 o C. 

Initial medium--normal sea water (O' -1.88; pH --8.2) 

Experimental medium -diluted sea water (Cl 7 =-1.52; pH-*82 8.0; 


Time in mins. 

Initial body 
weight with 
sand in grs. 

Initial inner 
fluid in c.c. 

____ 

Com entration of 
chlorine Ion in | 
grs per 100 c.c. 
of the body fluid 

0.4343 K / - 
1 . C o — Cin 

r^c-T; 

0 

_ 

_ 

1.88 

— 

(32 

18.20 

li.o ! 

1.85 

0.0012 

(32 

34.79 

14.3 

1.85 

0.0012 

(60 

16.94 

8.0 

1.81 ! 

1 0.0016 

(60 

43.77 

27.2 

1.81 

0.0016 

122 

51.30 

27.5 

1.76 

0.0014 

(132 

24.89 

12.1 

! 1.78 ! 

0.0011 

1132 

35.99 

19.1 

i 1.76 

0.0013 

(240 

23.92 

14.2 

1.71 | 

0.0012 

1240 

38.18 

19.5 

1.68 i 

0.0015 

(360 

28.38 

14.2 

1.61 i 

0.0017 

(360 

34.91 

16.8 

1.63 

0.0014 
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25.29 

11.8 

1.60 

45.97 

21.9 

1.62 

30.13 

— 

— 

47.64 

27.4 

1.57 


(482 

>482 

(600 

1600 


(B) Ort. 26, 1931. Temp. -2T±QM V C. 

Initial medium--normal sea water (Cl'- 1.878; pH--8.2) 
Experimental medium--diluted sea water (Cl'-*1.508; pH -8.2 8.1) 


0.0014 

0.0012 

0.0014 


0 



1.878 

— 

40 



1.835 

0.00134 

60 



1.818(1.83) 

0.00128 

120 



1.766 

0.00131 

182 



1.712 

0.00142 

310 



1.649 

0.00135 

480 



1.592(1.59) 

0.00132 

(C) Nov. 22, 1931. Temp. — 27°±0.04'C. 



Initial medium -normal sea WAter (Cl'^--1.880) 


Experimental medium- diluted sea water (Cl' -1.510) 


0 


1 

; 1.880 

i 

32 



1.840(1.86) 

0.00166 

02 



1.809(1.85) 

0.00149 

120 



1.764(1.75) 

0.001:17 

240 



1.668(1.69) 

0.00153 

440 



1.580(1.59) 

0.00162 


Table X. — Concentration of Chlorine Ion of the Body Fluid 
(Fig. VIji=Table X, A). 

Parenthesis indicates the concentration of the fluid in the intestine. 

Initial medium - normal sea water. 

Experimental medium--sea water diluted to 3/5. 

(A) Aug. 5-7, 1931. Temp. — 27°:fc0.04 r C. 

Initial medium--normal sea water (Cl'— 1.90; pH — 8.2) 

Experimental medium -diluted sea water (Cl'*-1.16; pH~-8J2~8.0) 


Time in mins. 

Initial body 
weight with 
sand in grs. 

Initial inner 
fluid in c.c. 

Concentration of 
chlorine ion in 
grs. per 100 c.c. 
of the body fluid 

0.4343 K'= 

1 , Co — Cm 

r ,OK C-Cm 

0 

0 

0 

1.90 


fw 

19.5 

11.2 

1.84 

0.0012 

(30 

42*. 1 

25.4 

1.84 

0.0012 

(64 

38.2 

23.2 

1.79 

0.0011 

(64 

49.5 

31.4 

1.80 

0.0010 

140 

47.6 

31.4 

1.70 

0.0010 

1240 

34.1 

19.3 

1.53 

0.0013 

1240 

51.1 

27.8 

1.53 

0.0013 

f420 

28.4 

15.6 

1.45 

o.oeio 

(420 

53.6 

31.6 

1.41 

0.0012 

1600 

37.6 

17.9 

1.32 

0.0012 

(600 

40.S 

26.1 

1.36 

o.ooto 
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(840 

(840 

1080 


58.4 

37.7 

_ 

38.8 

17.8 

1.261 

62.8 

41.6 

1.230 


0.0011 

0.0010 


CB) Oct. 16. 1931. Temp. -~2V ±0.04°C. 

Initial nredium - normal aea water (Cl'--1.863; pH --8.2) 
Experimental medium -diluted sea water (O' -1.171; pII--8.2 8.0) 


0 


l. so:! 

_ 

40 


> 1.761(1.79) 

0.00173 

60 


1 1.760 

0.00120 

120 


i 1.006 

0.00168 

180 


! 1.570(1.609) 

0.00133 

480 


1.296 

0.00153 

(C) Nov. 4, 

1931. Temp. -- 27° ± 0.0 t°C. 



Initial medium --normal sea water (CV--1.864; pH-8.2) 
Experimental medium -diluted sea water (Cl'--1.136; pH 8.2-K.O) 


0 



1.864 


32 



1.806 

0.00113 

70 



1.716 

0.00141 

120 



1.644 

0.00130 

300 



1.414 

0.00139 

410 



1.342 

0.00134 


Table XI. — Concentration of Chlorine Ion of the Body Fluid 
(Fig. VIa^T able XI, A). 

Parenthesis in the Column Indicates the Concentration of 
the Fluid in the Intestine. 

Initial medium - sea water diluted to 4/5. 

Experimental medium--normal sea water. 

(A) Aug. 9-10, 1931. Temp. ~27. p 45:fc0.04 c C. 

Initial medium —diluted sea water (CF--1.327; pH ^-8.2 8.0) 

Experimental medium - normal sea water (CI'-^ 1.863; pH -8.2) 


Time in mins. 

Initial body 
weight with 

i 

Initial inner 
fluid in c.c. 

Concentration of 
chlorine ion in 
gr?. per 100 c.c. 

0.4343 K'~ 
j 1 , C u — C m 
: log -y, 


sand in grs. 


of the body fluid 

t c-c,„ 

0 

_ 

_ 

1.324 

— 

(35 

32.8 

19.0 

1.400 

0.0019 

(85 

52.5 

.‘13.4 

1.400 

0.0019 

175 

37.7 

22.2 

1.496 

O.0022 

176 

60.8 

43.0 

1.477 

0.0019 

J120 

29.6 

17.3 

1.578 

0.0023 

1120 

49.1 

29.6 

1.548 

0.0019 

(240 

39.2 

21.7 

1.681 

0.0020 

(240 

50.1 

31.7 

1.681 

0.0019 

(420 

34.7 

20.6 

1.800 

0.0022 

(420 

52.7 

39.0 

1.759 

0.0017 

600 

63.6 

41.2 

1.810 

0.0017 





282 


T. KOIZUMI 


(B) Oct. 27, 1931. Temp.--27°±0.04 C. 

Initial medium ^diluted sea water (C/- 1.516) 
Experimental medium -normal sea water (Cl' -1.883* 


0 

1 ! 1 

1.516 

_ 

33 



1.571(1.550) 

0.0020 

60 



1.600 

0.0019 

136 



1.677 

0.0018 

180 



1.720 

0.0020 

305 



1.786 

0.0019 

475 



1.845(1.81) 

0.0021 


Table XII.—Concentration of Chlorine Ion of the Body Fluid. 
Parenthesis in the Column Indicates the Concentration of 
the Fluid in the Intestine. 

Initial medium -sea water diluted to 3/5. 

Experimental medium -normal sea water. 

Oct. 17, 1931. Temp. -27°±0.04 U C 

Initial medium -dilute sea water (Cl'--1.195) 

Experimental medium- normal sea water (Cl'- 1.863) 





(Concentration i 


Time in mins. 



chlorine ion of 
gra. per 100 r.c. 

0.4343 K'- ] log 




of the body fluid 

! _ 

0 

! 

[ 


1.195 


30 



1.304 

j 0.0027 

71 



1.389 

1 0.0021 

124 



1.459(1.43'i 

! 0.0018 

ISO 



1.561(1.52) 

! 0.0019 

302 



1.719 

j 0.0022 

527 



1.809 

| 0.0021 


Table XIII. — Concentration of Chlorine Ion of the Body Fluid. 
Parenthesis in the Column Indicates the Concentration of 
the Fluid in the Intestine. 

Initial medium -sea water diluted to 3/3. 

Experimental medium -sea water diluted to 4/3. 

(A) Nov. 2, 1931. Temp. --27°±0.05 C C. 

Initial medium -diluted sea water (Cl' -1.159) 

Experimental medium -less diluted sea water (Cl' -1.459; 

Animals were kept 15 hours in the initial medium before the experiment. 



; Concentration oi 



Time in mins. 

chlorine ion in 
grs. per 100 c.c. 
of the body fluid 

0.434 

- K t IOg C—Cm 

0 

1.159 


_ 

72 

1.253(1.233') 


0.0023 

133 

1.279 


0.0017 
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182 

1.362 

0.0027 

300 

1.387(1 ..*168) 

0.0021 

460 

1.425 

0.0021 

0 Nov. 5. 1931. Temp. -27’±0.05X. 


Initial medium-diluted sea water (Cl' —1.167) 

Experimental medium- less diluted sea water (Cl"--1.500) 

0 

1.167 

_ 

30 

1.55*20(1.131) 

0.0025 

62 

1.250 (1.210) 

0.0023 

121 

1.318 U. 25) 

0.0022 

256 

1.413 

0.0023 

400 

1.456 

0.0019 


Table XIV. — Concentration of Chlorine Ion of the Body Fluid. 
Parenthesis in the Column Indicates the Concentration of 
the Fluid in the Intestine. 

Initial medium^ normal sea water. 

Experimental medium - concentrated sea wa'er.* 

(A) Nov. 14. 1931. Temp. -27°±0.05X. 

Initial medium -normal sea water (C/ -1.875; pH - 8.2) 

Experimental medium--concentrated sea water (Cl'-*2.647; pH 8.2 H.O) 


0.1.I4:! K'- 1 log-£’ p- 

t v —l m 

0.00150 
0.0027 
0.0020 
0.0025 
0.0025 
0.0020 
0.0032 

Initial medium~normal sea water (Cl'*-1.871) 

Experimental medium--concentrated sea water (Cl'=-2.649) 


in mins. 

Concentration of 
chloiine ion in 

grs per 100 c.c. 

_ 

of the body Huid 

0 

1.875 

30 

2.003 

40 

2.013(2.00) 

60 

2.132 

120 

2.259(2.22) 

184 

2.385(2.331) 

290 

2.508 

410 

! 2.608 


(B) Nov. IS, 1931. Temp.--27’ ± 0.05°C. 


0 

1.861 


30 

2.000(1.93) 

0.0028 

60 

' 2.081(1.97^ 

0.0024 

120 

2.172 

0.0018 

245 

2.428(2.37) 

0.0023 

430 

2.543(2.522) 

0.0021 


* Caudina when placed in the high concentration of the above two experimental 
solutions for a considerable time shows difficulty in surviving. But survival in those 
solutions was possible if the mouth and anus were outside the solutions. 
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Table XV, — Concentration of Chlorine Ion of the Body Fluid. 
Parenthesis in the Column Indicates the Concentration of 
the Fluid in the Intestine. 


Initial medium ^-concentrated sea water. 

Experimental medium -- normal sea water. 

Nov. 19, 1931. Temp.-27 <> :fc0.05 c C. 

Initial medium -concentrated sea water (Cl'— 2.264) 
Experimental medium ^ normal sea water (Cl'—1.906) 



Concentration ol 

0.4343 K'~-| log 

t V. — 

Time in mins. 

1 

1 

i chlorine ion in 

grs per 100 c.c. 
i of the body fluid 


0 

I 2.259 

_ 

50 1 

2.181(2.20) 

0.0022 

120 

I 2.114 

0.0019 

263 

l 2.013(2.04) 

0.0020 

304 

1.979(2.003) 

0.0019 

543 

[ 1.940 

0.0023 


Table XVI. — Concentration of Chlorine Ion of the Body Fluid. 

(A) Oct. 2, 1930. Temp.17 °± 1°C. 

Initial medium - normal sea water (Cl'—1.88) 

Experimental medium —diluted sea water (Cl'-—1.50) 



Concentration of 

0.4343 K'- — log 

Time in mins. 

chlorine ion in 


grs. per 100c.c. 
of the body fluid 

t * C-Cm 

0 

1.88 


207 

1.77 

0.00072 

330 

1.67 1 

0.00106 

480 

1.63 

0.00097 

600 

1.62 

0.00083 

922 

1.65 

j 0.00096 

1008 

1.53 

0.00109 

1267 

1.53 

I 0.00087 

2100 

1.51 

! 0.00075 


(B) Oct. 10, 1930. Temp. =-16°± 1°C. 

Initial medium-normal sea water (Cl'1.38; 
Experimental medium - diluted sea water (Cl' --1.08; 


0 

1.88 

_ 

150 

1.66 

0.00093 

180 

1.56 

0.00123 

209 

1.54 

0.00106 

435 

1.39 

0.00095 
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590 

1.37 

0.00075 

906 

1.20 

0.00091 

1035 

1.21 

0.00076 

1228 

1.16 

0.00081 

1490 

1.14 

0.00076 

1738 

1.12 

0.00075 

2207 

1.13 

0.00055 

2605 

1.10 

i 

0.00062 


Table XVII. — Change of Cl', J, * of the Body 
Fluid of Caudina. 

Oct. 29, 1930. Medium temp.-15°±l°C. 

Initial medium— normal sea water (Cl' 1.920 (25 J i:O.0 o 2C); pH -8.2; /. —* 
0.0486 (25° ± 0.02° C)) 

Experimental medium-'diluted sea water (O' -1.518 (25°±0.02 r C); pH - 
8 .2-8.1; x -0.0397 (25°±0.02 f C)) 



Concentration of 



0.4343 K'- 

Time in mir.s. 

chlorine ion in j 
grs. per 100 c.c. 

A 

I * C2.V±0.02"Cj 

1 . Co — ( 

t 08 


(25°±0.02°C) ! 


. i 

0 

1.919 

_ 

i 0.0486 

j _ 

165 (Mix. from 

1.825 


0.0467 

0.00070 

2 animals) 



[ 

1 

360 

1.722 ; 

— 

0.0441 

; 0.00082 

780 

1.562 1 

— 

0.0412 

0.00123 

1080 

1.545 

— 

0.0407 

i 

1440 

1.532 

— 

0.0401 

-- 

1800 

1.545 

i 

— 

0.0405 

| 

Oct. 24, 1930. Medium temp.- 

15’:fcl 0 C. 




Initial medium--normal sea water (Cl'~ 1.91 (15°C); pH--8.2; A- 1.80) 
Experimental medium - diluted sea water (Cl'—1.54 (15°C); pH —8.1; A — 
1.55) 


0 

1.91 

1.89 

i 

1 

— 

120 

1.83 

1.82 


0.00088 

300 

1.76 

1.76 

l — 

0.00075 

600 

1.65 

3.63 

— 

0.00089 

900 

1.59 

1.55 

— 

0.00097 

1230 

1.55 

1.56 

— 

— 
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Table XVIII. — Relation between Chlorine Ion Content of the 
Body Fluid and that in the Alimentary Canal in the 
Case of Permeability across the Body Wall. 

Aug. 13, 1931. Temp. - 27 3 .45 ± 0.04°C. 

Initial medium -normal sea water (Cl 7 -1.764; pH -^8.2) 

Experimental medium —diluted sea water (Cl 7 *--1.130; pH--8.2-8.1J 


in mins. 

| Concentration of 
i chlorine ion in 

| grs. per 100 c.c. 

i of body fluid 

Concentration of 
chlorine ion in 
j grs. per 100 c.c. of 

0.4343 K'=-4- log 


fluid in alimentary 
canal 

t 

0 

i 1.760 

; 1.760 

— 

35 

1.690 

1.713 1 

0.0015 

91 

1.628 

1.636 j 

0.0012 

150 

j 1.537 

1.565 

0.0013 

240 

1 1.484 

1.484 

0.0011 

418 

! 1.349 

1.380 

0.0011 

590 

1.293 

1.297 

0.0010 

894 

1.209 

1.218 i 

0.0010 


Table XIX (compiled table from Tables IX-XVI). 
0.4343 K' is from the Mean of One Series of 
Experiments (Tables IX-XVI). 


1 

Date 

Co x 100 

C.nXlOO 

0.4343 K 7 27T\ 

j Aug. 

2 3, 7 3l 

1.88 

1.52 

. 

0.0014 

! Ort. 

26, 7 3l 

1.878 

1.508 

0.0013 

Nov. 

22, 7 31 

1.880 ; 

i 

1.510 

0.0015 

Course of 
swelling 

Aug. 

2 7, 7 31 

1.90 

1.10 

0.0011 

| Oct. 

16, 7 3l 

1.863 

1.171 

0.0015 

j Nov. 

4, 'm 

j 1.864 j 

1.130 

0.0013 

j * Nov. 

i«, '31 

2.264 

1.906 

0.0021 

Nov. 

14, '31 

1.875 

2.647 

0.0027 

Nov. 

18, '31 

1.871 

2.649 

0.0023 

! Aug. 9 10, 7 31 

1.327 

1.863 

0.0020 

Course of 
shrinking 

Oct 

27, ':n 

1.516 

1.863 

0.0020 


Oct. 

"- 

Nov. 

17, 7 31 

1.195 

1.863 ' 

_j 

0.0021 


2, '31 

1.159 ; 

1.459 ! 

0.0022 

i Nov. 5, 7 31 

1.167 , 

1.500 ; 

0.0022 


*This greatness of 0.4313 K 7 , I think, does not depend on the greatness of Cu, 
but on the negligibility of elasticity. 
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A 



B 



Figs VIa-VIh. Change of concentration of body fluid of Caudtnn , its mouth and 
anus being outside the medium (Tab!e XI, A; Table X, A). Ordinate, concentration 
of Cl' in grs. per 100c.c. of body fluid; abcis«a, time in mins. 

A. Concentrated medium (ordinary fca water). 

B. Diluted medium (diluted sea water). 

They show that Cl', J and * of the body fluid change in the same 
direction, parallel with each other and come to nearly the same values as 
those of the external medium, and the monomolecular equation fits approxi¬ 
mately the data. Moreover there is no effect of salt concentration of the 
medium on the permeability factor, K' at least under these conditions 
(see f, iii). It is observed, however, that the value of K' for shrinking 
(exit of the water and entrance of ions) is much greater than that for 
swelling (entrance of water and exit of ions). This relation was also 
derived by B. Lucre, H. K. Hartline, and M. McCutchkon (1931) in 
the Arbacia egg from their equation. However the swelling of the 
animal, previously shrunken in concentrated medium, in ordinary sea water 
(Table XV; Table XIX) has the same K' as that for shrinking, indicates 
that it is not identical with the sOcalled “ irreciprocal permeability ” in the 
skin membrane of frogs (Reid (1890); Wertheimer (1923)), but is probably 
due to the fact that other forces such as elastic which is responsible for 
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it was neglected in deriving the equation as has been suggested by B. 
Lucre and others. To illustrate this point I have only one series of 
experiments. 

c. Assumptions (3) and (4). 

Aussumption (3): The concentrations of the body fluid and the surround¬ 
ings are kept uniform. The time required to equalize the concentration 
difference within the body of the animal, across the alimentary tract 
between the body fluid and the solution in the alimentary canal, is neglected 
as compared with that required for the water and (ions) to diffuse across 
the body wall. 

This is, indeed, the case to some extent as shown in Tables XVIII 
and 1X-XV (see also V, C, 1, e). 

Assumption (4) : The volume of the surrounding medium is so large 
that the concentration of each ion is unchanged in spite of exchanges of 
water and ions between the medium and the body fluid. 

As previously mentioned, M. Yazaki observed the circulation of the 
body fluid and outer medium was mechanically stirred and its volume was 
so large that it served the purpose (V. B). 

d. Assumption on integration of Equation (5) : The permeability 
surface of the body wall of animal divided by the volume of the inner 

S 

fluid, *. e. v is constant. 

It is given in Table XX. 


Table XX. — Relation between the Body Surface and 
the Volume of the inner Fluid in the Case of 
Permeability of the Body Wall. 

Aug. 23, 1931. Medium--normal sea water. 


Animal 

No. 

Body weight 
with sand 
in grs. 

Body volume 
in c.c. 

body surface 
immersed in 
the medium 
in cm* (S) 

Body wall 

In grs. (SO 

Inner 
fluid in 

c.c. (V) 

S 

V 

S' 

V 

I 

69.0 

68.0 

84 

10.6 

31.6 

2.6 

0.33 

II 

42.7 

39.8 

65 

11.6 | 

22.8 

2.8 

0.57 

III 

41.3 

39.6 

62 

9.1 

27.9 

2.2 

0.32 

IV 

37.9 

33.0 

63 

7.7 

21.6 

2.6 

0.36 

V 

32.6 

29.8 

48 ! 

8.6 

| 

18.4 

2.7 

0.47 

VI 

21.3 

19.0 

31 

6.3 

9.0 

3.2 

0.64 
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It shows that in the case of body wall permeability, the experimental 

g 

condition is so arranged that y , i . e. permeability surface per unit volume 

of the inner fluid is practically constant while y is not constant, thus 
satisfying the assumption to some measure. 

Data throughout the course of osmotic change are wanting. 

e. Relation between the quantities of water and ions transported in 
the case of permeability of body wall. 

Whatever osmotically may happen, the total amount of salts in the 
inner fluid, i. e., the product of concentration and volume of the fluid must 
be constant if the body wall of Caudina is permeable to water but not 
to salts. Then we may write in this case, CV~U where C is the 
concentration of salts in solution in the inner fluid, V is the volume of 
the fluid, and U is a constant. The change of concentration of the inner 
fluid must, in this case, directly correspond to the gain or loss of water 
in the inner fluid. If the body wall is also permeable to ions even a 
little, CV can never be constant. As a matter of fact smaller discrepancies 
are shown in the second column from the last in Tables XXl-XXII. 

This fact, together with other experiments on the permeability of body 
wall to ions (Tables XXXII, XXXIII), would lead to the conclusion that 
the surface of this animal is not only permeable to .water but also to 
salts in solution in the sea water, though it might be very slight. 

On the determination of the increase of water in the body cavity in 
the case of swelling (for example) must be remarked the following sources 
of errors; (1) The body wall and inner organs also swell and therefore 
increase in their weights (Tables XXIII, XXIV); (2) sand in the alimentary 
tract, after being filtrated, still contains water (ca. 8 %) which was at most 
2% of the total volume in the experiment (see Tables XXI, XXII); (3) 
the concentration of chlorine ion in the alimentary tract is practically 
very similar to, but, more accurately stated, may be higher than that of 
the body cavity at most by 5% (see IX-XV, XVIII), and the volume of 
the solution in the intestine was at most 1/3 of total inner fluid and 
therefore the error introduced in appoximate calculations of (CV)k by 
applying the concentration of body fluid for C was only about one %. 
The errors produced from the second and third conditions make the 2nd 
column from the last in Tables XXI-XXII, «. e., (CV)i-(CV)f slightly 
larger while that from the first condition makes it slightly smaller. 

In the last column in Tables XXI-XXII it is se»-n that the numerical 
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Table XXI. — Relation between the Quantities 
across the Body Wall in the Case of 

Aug. 9. 1931. 27.45°dt0.05°C. 

Course of shrinking. 

Initial medium (C, -CF-1.327; -1.016 at 20 C) 

Experimental medium (Cl'--1.863) 


Time 

mins.) 

Body weight 
with sand 

(grs.) 

' 1 

Body 

wall 

(gra.) 

Sand i 

(«>»•)! 

Vis¬ 

cera 

(grs.) 

Body | 

1 wall 
i 4- ; 

j sand 

I + ' 

Fluid in 
tube (c.c.) 

Inner fluid 
(grs.) 

S 

i 

£ 


Initial 

Final 

— 

_i 


viscera 
' i grs.) 

Initial ' 

v/ ! 

j 

Final 

v./ 

Initial 1 

w i | 

Final 

w 2 


0 

35 

32.8 

31.5 

8.1 ! 

i 

j 2.0 1 

1.4 

11.5 

i 

0.5 i 

1.4 

i 

21.3 

20.0 

1.3 

35 

52.5 

51.8 

12.6 

; 1.1 | 

3.1 

10.8 1 

0 ! 

0 

35.7 

35.0 

0.7 

75 

37.7 

36.5 

10.0 

i 1.8 j 

2.1 

: 13.9 1 

0 j 

0 

23.8 

22.6 

1.2 

75 

00.8 

58.7 

10.8 

! 1.4 1 

2.0 

14.8 

o.i ! 

0.6 

46.0 

43.9 

2.1 

120 

29.0 

28.0 

0.7 

| 0.0 ! 

3.8 

! 11.1 i 

0 i 

0.1 

18.5 

16.9 

1.6 

120 

49.1 

45.2 

9.8 

j 2.9 ! 

4.7 

17.4 

0 1 

2.6 

31.7 

27.8 

3.9 

240 

39.2 

35.7 ! 

11.8 

I 0.4 ; 

3.9 

i 16.1 - 

0.2 | 

0.95 

23.1 

19.6 

3.5 

240 

50.1 

45.6 

12.7 

: o.l | 

3.4 

16.2 

0.5 | 

0.9 

33.9 

29.4 

I 4.5 

420 

34.7 

30.9 ; 

10.5 

1.9 1 

1.4 

13.8 

0.1 

1.25 

20.9 ; 

17.1 

« 3.8 

600 

03.0 

55.5 

14.8 

0.8 ■ 

3.9 

19.5 

0.8 | 

2.1 

44.1 

36.0 

, 8.1 


Tabi.k 

A. Aug. 5 7, 1931. 27 C. 

Course of swelling. 

Initial medium (C t --CK -1.90; 1.024 at 20°C) 

Experimental medium (Cl' -1.16) 


0 


30 

19.5 

20.0 

5.7 ! 

1.0 

1.3 

8.0 

0 

0 

11.5 

12.0 

-0.5 

30 

42.1 

40.7 

10.1 

2.7 

3.3 

10.1 

4.2 

5.8 

20.0 

24.6 

1.4 

04 

38.2 

38.0 

10.5 

1.2 

2.7 

14.4 

0.2 

1.0 

23.8 

24.2 

-0.4 

64 

49.5 

51.1 

13.4 

0.4 

3.0 

17.4 

0.3 

0.45 

32.1 

33.7 

! -1.6 

140 

47.6 

49.1 

10.0 

2.8 , 

2.7 

15.5 

0.1 

0.4 

32.1 

33.9 

-1.8 

240 

34.1 

37.1 

9.3 

3.4 

1.6 

14.3 

0 

0.0 

19.8 

22.8 

-3.0 

240 

51.1 

54.7 

12.7 : 

5.9 

4.0 

22.0 

0 

0.5 

28.5 

32.1 

3.6 

420 

28.4 

31.5 

8.2 ! 

* • A . 

2.1 

12.4 

0 

0 

10.0 

19.1 

-3.1 

420 

53.6 

59.4 j 

12.0 ; 

o.o ! 

3.3 

21.3 

0 

0.9 

i 32.3 

38.1 

-5.8 

600 

37.6 j 

41.7 

11.0 i 

4.1 ! 

3.6 

19.3 

0 

0 

; 18.3 

22.4 

' 4.1 

600 

| 46.8 | 

| 51.3 

11.6 i 

4.9 

3.6 

20.1 

0.15 

2.1 

1 26.7 

312 

-4.5 

840 

33.8 1 

1 35.2 

10.8 J 

1.4 1 

3.3 

15.5 

0 

4.2 

i 18.3 

19.7 

-1.4 

1080 

62.8 ! 

! 09.1 

13.2 1 

4.8 

2.2 

20.2 

1.0 

4.5 

42.6 

48.9 

6.3 


B. 

Oct. 

2, 1930. 

17° d: 1 C C. 








Course of swelling. 

Initial medium (C,--*C1' -1.88; ^ 1.023 at 20°C) 

Experimental medium (Cl'-* 1.50) 


0 

150 


1 j i 0 

0 

22.3 

23.3 

-1.0 

180 


1 ! 0 

0 

20.0 

20.2 

-0.2 

209 


! 1 0 

0 

13.3 

14.5 

-1.2 

4:i5 


! o 

0 

23.5 

25.0 

-1.5 

590 


; i o 

0 

17.8 

20.9 

-3.1 

906 


, i ! 0 

4.1 

12.3 

12.6 

-0.3 

1035 1 


1- : o 

8,0 J 

| 19.9 j 

| 14.4 

5.5 

1228 


: ! : o 

i 0.9 

| 11-2 

12.6 

-1.4 

1490 

1 

1 ■ o 

0 

12.7 ! 

15.8 

-3.1 

1738 ! 

1 

l | 0 

i 5.2 

j 13.4 

12.0 

1.4 

2208 

i 

l | ! o 

i 4.5 J 

14.1 

13.6 

0.6 

2605 


_ i ___ 

1 2.9 

15.4 

14.0 

1.4 
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of Water and Ions Transported 
Body-Wall-Permeability. 


Inner fluid 


iConcentration| 
of chlorine 
ion in grs. 
per 100 c.c. 

Body F S d 

«“ id tube 

c * cy 


t* 

a 3 


•S g !'S - 


II a* 


'i. i 

> : 


> v «>' 
i ° 11>+: 

itj * L-+ 

« i 4 


> 

+ 

> 

V— 

U 


> 

CJ 


! >^ 0, t ^ 

Utfui 

»> + -H |i cj 
rj « <n 


! Water diffused out (or in)! 

| in (tramions. _ dtt in Krnmions 
| in grammols JV in irrammoU 

I <CV) X X 111 


1.01ft 


XXII. 


JVx 


:is 46 

l 

18 
k 2 

ki 


or, i 


1.400 

_ 

1.017, 

19.9 

18.7 | 

— 

27.0 

28.0 

1.0 

__ 

1.400 


! 1.017, 

33.4 

.22.7 

0.7 

44.2 

45.8 • 

-1.6 

0.024 

1.49 ft 

— 

! 1.018 

22 3 

21.1 1 

1.2 

29.5 

.91.6 

-2.1 

0.018 

1.477 

— 

1.018 

4.2 !o 

41.0 ; 

-1.5 

57.1 

61.4 

-4.;; 

0.0.20 

1.578 

- 

l 1.020 

17..2 

15.7 i 

- 1.6 

22.9 

24.9 ! 

-2.0 

0.01.2 

1.548 

1. ‘5 ft 

1.020 

29.7 

25.9 ! 

— 

: .99..2 

4.9.0 

-4..9 

— 

1.681 

— 

1.021 

21.6 

18.2 1 

-2.7 

28.9 

.21.9 

.9.0 

0.012 

1.681 


i 1.021 

.91.7 

27.4 i 

.2.9 

42.6 

47..9 : 

4.7 

0.01.9 

1.800 

1.69 

, 1.02;; 

19.5 

15.9 , 

— 

26.0 

.90.8 

-4.8 

— 

1.810 

1.68 

! 1.02.2 

41.2 

.2.2.4 

7.5 

56.9 

64.0 

8.9 

0.012 


1.90 

1.84 

_ 

1.024 

1.02.9 

10.7 

11.1 ! 

_ 

20..9 

20.4 

0.1 

_ 

1.84 

— 

1.02.2 

24.1 

22.8 : 

— 

5.9.8 

53.0 

0.8 

— 

1.79 

— 

1.022 

22.1 1 

22.5 ! 

— 

42.4 

42.2 

0.2 

— 

1.80 

— 

1.02.2 

h'.x 

.91 ..9 

■— 

57.2 

57 !2 

0. 

— 

1.70 


1.021 

29.8 

,91.5 

2.0 

56.8 

54.3 

2.5 

0.013 

1.6.9 


1.019 

18.4 

21.3 1 

.2.5 

35. o 

33.7 

1.3 

0.004 

1.5.2 


1.019 

26.4 

29.9 

4.0 

50.2 

46.7 

.3.5 

0.009 

1.45 

I _ 

1.018 

14.9 

17.8 

2.9 

! 28..9 

25.8 

2.5 

0.009 

1.41 

— 

1.017 

.90.0 

.25.6 

6.5 

57.0 

51.9 

5.1 

0.008 

1.82 | 

— 

1.016 

17.0 

20.9 

.9.9 

i .22.3 

! 27.6 

4.7 

0.01.3 

1.86 ! 

1.42 ; 

I 1.017 

21.8 

29.2 1 

6.4 

47.4 

42.7 

4.7 

0.008 

1.26 j 

j 1.26 

! 1.015 

17.0 

18.4 1 

5.6 

! .92.3 

28.5 

3.8 

0.007 

1.2.9 | 

l 1.30 

1.015 

.99.5 

45.8 i 

9.8 

77.0 

62.2 

1 1.8 

0.016 


1.88 

1.66 


1.023 

1.020! 

20.7 

21.7 

1.0 

38.9 

:ift.O , 

2.9 j 

0.030 

1.56 

_ 

1.019; 

18.6 : 

18.8 

0.2 

34.9 

29.4 

5.5 , 

— 

1.64 

— 

1.019 

12.4 | 

13.5 

1.1 

23.2 

20.8 

2.4 

0.023 

1.39 

— 

1.017, 

21.8 

23.8 

2.0 

41.0 

33.1 

7.9 ; 

0.041 

1.37 

— 

1.017 

16.5 i 

19.5 

3.0 

31.1 

26.8 

4.3 

0.015 

1.20 

1.29 

1.015; 

n.4 ; 

11.8 

— 

21.5 

19.5 1 

2.0 

— 

1.21 ! 

1.83 j 

1.015! 

18.6 1 

13.5 

! — ; 

I 34.8 , 

31.0 ! 

3.8 

— 

1.16 I 

1.81 ; 

I.OI41 

10.4 | 

11.8 

i — 

; 19.6 , 

15.3 

4.3 

— 

1.14 t 

— 

1.014’ 

11.8 ; 

14.8 

3.0 

22.2 ' 

16.9 

5.9 

0.019 

1.12 ! 

1.20 

1.013, 

12.5 ; 

11.3 

4.0 

23.4 ! 

18.9 

4.5 

0.012 

1.13 ] 

1.15 i 

1.014* 

13.1 1 

12.8 

4.2 

24.6 . 

19.6 

5.0 , 

0.012 

1.10 j 

1.70 i 

1.013; 

1 

14.3 

13.1 

— 

26.9 1 

19.4 1 

7.5 | 

— 
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Table XXIII. — Shrinking of Body Wall. 

After the animals were kept in contact with the solution so as to reach 
osmotic equilibrium (27°db0.04°C), the body wall was cut and the inner contents 
were thrown away. 

Then only the body wall was returned to the original solution. Weighing 
of the body wall was made after being wiped with a dry towel. 

Oct 13, 1931. 27.4°±0.04°C. 

Initial solution —sea water diluted to 3/5 which was kept in contact with 

animals for 20 hrs. 

Experimental solution *-the same diluted sea water. 



'I'ime in mins. 

Weight of body 
wall in grs. 



0 

9.1 



10 

8.7 


* 

:$0 

8.6 



00 

8.6 



125 

8.8 



240 

8.8 



290 

8.9 



Oct. 13. 1931. 27.°4-fc0.04°C. 

Initial solution -sea water diluted to 3/5 which was kept in contact with 
animals for 15 hours. 

Experimental solution—normal sea water. 

Before weighing at the time 0, the body wall was left in initial solution 
for at least 20 minutes. 


0 

7.9 

10 

7.3 

:jo 

7.0 

60 

6.9 

120 

6.8 

240 

6.8 

400 

6.7 

000 

0.5 

030 

6.4 

0 

8.9 

10 

8.5 

30 

8.2 

60 

8.0 

133 

8.0 

250 

7.6 

400 

7.6 

560 

7.5 

0 

9.6 

10 

9.0 

;to 

8.6 

60 

8.3 

120 

8.3 

240 

8.4 

430 

8.0 
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Table XXIV. — Swelling of the Body Wall. 

Oct. 14, 1931. 27.4®±0.04°C. 

I. Initial solution = normal sea water which was kept in contact with animats 
for 5 hrs. 

Experimental solution —the same sea water. 


Before weighing at the time 0, the body wall was left in the 
10 minutes. 

Time in mins. 

Weight of body 
wall in grs. 

0 

10.2 

10 

9.S 

30 

9.7 

60 

9.7 

120 

9.7 

Next it was placed in sea water diluted to 3/5. 

io ; 

9.8 

30 

9.9 

60 

10.0 

170 

1 10.4 

242 

10.6 

:m 

| 10.7 

360 

10.8 

784 

1 11.3 

978 

11.3 


Oct 14, 1931. 27.4°±0.04°C. 

Initial solution —normal sea water which was kept in contact\xith animals 
for 6 hours. 

Experimental solution —the same sea water. 

Before weighing at the time 0, the body wall was left in the solution for 
30 minutes. 


Next it was placed in sea water diluted to 3/5. 
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value obtained from 

cv • l 1.11 

Total Ion diffused in (or out) in gramions __ in grams x 3545 x 0 54 _ 

Water diffused out (or in) in grammols Water diffused out (or in) in grammols 

which corresponds to in Equation (10) (cf. Table XXX) seems to be 

the order of a few hundredths. 

f. Assumption on deriving Equation (7) from Equation (6). 

(i) If C in gramions of total ions per unit grammol of water is 

neglected as compared with ~ , we obtain also (7) from (6). But such 
assumption is not admissible owing to the same order of magnitude in 
both C and as will be seen from the following example; for example 


C for 0 02 err Cl/1 r c =-° 02 - v -l* 1 - 1 * 1« ( Totalions) 

C tor U.U/i gr. CI/1 c.c. 35 46 * 0 .54 X grammols (H a O) 


(ii) 



— 0.021 and JjJ '. 0.01 (Tables XXI-XXII) ' 

It is seen from the example that C expressed in grs. 


Cl' per 1 c.c. is practically numerically equal to C expressed in gramions 
total ions per 1 grammol H 2 0. Equation (6) will be written in the form 


C+ 2 

0.4343 K'= 0.4343® (C,„k, + k 4 )= ;-log ^^ + 4log - J 1 When 

V t C —Cm t ^ k 2 

Co"r . 

Kl 

the two terms of the right hand side of this equation are culculated 
respectively, we obtain the following results as are shown in Table XXV. 
Table XXV shows that the value of 0.4343 K' of shrinking is much 


larger than that of swelling whether we neglect 


l 

t 


log 


C_h lT 

ki 


Co + 


k* 

k, 


on the 


calculation or not. In addition to this, it is, as previously seen, difficult 
to obtain the true value of from the experiment. So that it may be 
as well to have used, for the sake of simplicity, the monomolecular equa- 

i c+ i 4 

tion resulting from the neglection of — log - - on the calculation 

c„+ > 2 

ki 

of the value of 0.4343 K' in the preceding experiments on the swelling 
and shrinking of animals. 



EXCHANGE AND EQUILIBRIUM OF WATER AND IONS IN CAUDINA 295 


Table XXV. 

(1) The course of swelling. 

Aug. 2-3, 1931. Temp. — 27° db 0.04°C. 

Initial medium—normal sea water (CK— 1 . 88 ) 
Experimental medium —diluted sea water (CK—1.52) 


Time in 
mins. 

■ 

Concentration 
of chlorine 
in grs. per 
100 c.c. of the 
body fluid 

1 | Co—Cm 

t loB c-c„, 

0 

1.88 

— 

32 

1.85 

0.0012 

32 

1.85 

0.0012 

60 

1.81 

0.0016 

60 

1.81 

0.0016 

120 

1.76 

0.0014 

132 

1.78 

0.0011 

132 

1.76 

0.0011 

240 

1.71 

0.0013 

240 

1.68 

0.0012 

300 

1.61 

0.0015 

300 

1.63 

1 0.0017 

482 

1.60 

0.0014 

48 2 

1.62 

! 0.0014 

600 

1.57 

0.0014 


k* 

c+ l* 

1 , k| 

i IOR -k- 

Co+ 

k, 

k*« 

k.» 

as -0 

k| 

as — - — 0.01 
K| 

as ----- 0 J 

ki 

_ 

_ 


0.00022 

-0.00014 

- 0.00010 

- 0.00022 i 

0.00014 

- 0.00010 

0.00028 

-0.00018 

; 0.00013 

0.00o28 

1 0.00018 

0.00013 

0.00024 

i -0.00015 

0.00011 

0.00018 

1 0.00012 

-0.00009 

0.00022 

0.00014 

- 0.00010 

0.00017 

! o.ooon 

1 0.00007 

0.00020 

! 0.00013 

! -o.oooio 

0.00010 

0.00012 

0.00003 

0.00017 

1 0.00011 

-0.00008 

0.00015 

1 0.00009 

0.00007 

-0.00013 

; -o.ooooo 

-0.00006 

0.00011 

0.00008 

0.00000 


(2) The course of shrinking. 

Aug. 9 10, 1931. Temp.—27.45° ± 0.04"C. 

Initial medium--diluted sea water (CK 1.327) 
Experimental medium —normal sea water (CK —1.863) 


rt 

1.324 

_ 

1 _ 

— j 

— 

35 

1.400 

0.0019 

j 0.00069 

0.00040 

0.00028 

35 

1.400 

0.0019 

0.00069 

0.000 40 

0.00028 

75 

1.496 

0.0022 

0.00071 

0.00042 

0.00029 

75 

1.477 

0.0019 

; 0.00063 

0.00037 1 

0.00026 

120 

1.578 

0.0023 

* 0.00064 

0.00038 j 

0.00027 

120 

1.548 

0.0019 

0.00057 

0.00033 ! 

0.00024 

240 

1.681 

j O.0020 

0.00013 

0.00026 | 

0.00018 

210 

1.681 

! 0.0019 

j 0.00032 i 

i 0.00026 

0.00018 

420 

1.800 

0.0022 

0.00032 

! 0.00019 , 

0.00014 

420 

1.759 

1 0.0017 

0.00029 

1 0.00018 ! 

0.00013 

600 

1.810 

| 0.0017 

0.00023 

! 0.00014 

0.00010 


(iii) 0.4343 K'=0.4343y (C„.k, + k,). 

If the values of ki, k 2 and y are fixed in this equation, 0.13'13 K' 
will be large when C m is large. 

In Table XIX, the values of 0.4343 K', 27°C. are given for a 
number of experiments, using the same monomolecular equation for 
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swelling and shrinking. It indicates that they are not always proportional 
to C m but vary considerably in different experiments probably due to com¬ 
plexity of animal structure, unequality of condition of animal, elasticity, 
swelling and shrinking, of the body wall etc . 

2. Osmotic equilibration across the total body surface including 
mouth-alimentary-canal, anus-respiratory-trees (whole body placed in the 
solution). 

The results are summarized in Tables XXVI, XXVII, XXVIII, XXIX, 
Figs. VII A , and VII H . 


Table XXVI. — Concentration of Chlorine Ion of the Body 
Fluid of Caudina , the whole Body being placed 
in the Medium (Fig. VII). 

Aus. 20-21, 1931. Temp. 27.°45 ± 0.05°C. 

A. Initial medium— normal sea water (Cl 7 **1.910 (15°C); pH— 8.2) 

Experimental medium**diluted sea water (Cl 7 -a 1.145 (15°C); pH=8.1) 



body weight with 

Concentration ot 

Concentration of 

A i'UQ XC* 

Time in mins. 

sand at the time 

chlorine ion of 
body fluid in 

chlorine ion in 
intestine in 

1 

, C» — Cm 






in grs. 

grs. per 100 c.c. 

grs. per 100 c.c. 

t 

C — Cm 

JO 

_ 

J 

11.908 

_ 

_ 

10 

— 

i 

[1.910 

— 

— 

(20 

(39.1 

j 

[1.619 

1.55 

] 

[0.0101 

(20 


1 

11.755 

— 

1 

[0.0049 

(:jo 

(30.0 

i 

[1.011 

— 

J 

[0.0072 

130 

107.4 

1 

11.725 

— 

1 

10.0040 

(56 

1 

[44.S 

J 

[1.544 

— 

J 

[0.0050 

156 

1 

1 56.9 

1 

11.472 

— 

1 

10.0000 

(SI 


[31.3 

1 

[1.379 

1.45 

(0.0064 

(81 1 

1 

[53.0 

i 11.467 

— 

(0.0046 

(no 

| 

[44.2 

J 

[1.387 

— 

10.0045 

(110 

i 

(48.5 

1 

11..•181 

1.38 

\ 0.0046 

141 

43.6 

1.242 

— 

0.0064 

155 

— 

1.350 

— 

0.00:t7 

210 

... 

1.250 

1.25 

0.0041 

300 

— 

1.180 

— 

,— 

430 

— 

1.175 

— 

— 


Aug. 16 17, 1931. Temp.»27.°45 ± 0.05°C. 


B. Initial medium —diluted sea water (Cl 7 ** 1.21 (15°C); pH — 8.2-8.0) 


Experimental medium-normal sea water (Cl 7 —1.85 (15°C); pH— 8.3) 


0 

(20 

(20 

( 40 

te 

(70 

<70 

*70 


_ 

1.20 

_ 

131.3 

(1.425 

— 

\42.7 

11.381 

.— 

(20.3 

(1.59 

—. 

<25.6 

{1.59 

— 

141.5 

11.57 

— 

(15.9 

(1.73 

— 

{27.3 

{l.77 

_ 

141.7 

ll .71 

— 


10.0095 
\0.0070 
( 0.0100 
{0.0095 
10.0091 
f0.0105 
{0.0130 
10.0095 
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(100 

<37 .1 

(1.82 

_ 

j 

(0.0134 

hoo 

(39.3 

11.71 

. 

( 

10.0007 

1143 

(39.0 

(1.80 

— 

i 

i 

10.0079 

114.3 

(27,0 

11.81 

— 


10.0084 

flHO 

123.0 

(1.83 

— 

1 

(0.0084 

1180 

137.9 


- 

i 

10.0084 

241 

32.4 

1.86 

— 

i 

— 

330 

— 

1.84 

— 

1 

— 

420 

— 

1.85 

— 

i 

— 

610 

— 

1.85 

— 

! 

1 

— 


Table XXVII. —Concentration of Chlorine Ion of the Body 
Fluid, the whole Body being placed in the Medium. 

Animals of similar size as possible were selected. 

Aug. 1, 1930. Temp.^26*d:l 0 C. 

Initial medium —normal sea water (CF —1.928 (15"C); pH—8.2) 
Experimental medium = diluted sea water (CF—1.565 (15"C); pH-8 2-8.1) 


Time in mins. 

Com entration of j 

chlorine ion of the 
body fluid in grs. 
per 100 c.c. 

0.4.143 K' — -j- log C " 
t t/— 

0 

1.928 


10 

1.868 

0.0079 

20 

1.768 

0.0126 

40 

1.752 

0.0061 

70 

1.747 

0.0043 

100 

1.679 

0.0050 

160 

1.637 

0.0044 

220 

1.683 

0.0059 

260 

1.571 

0.0069 

310 

1.567 

— 

335 

1.571 

— 


Aug. 14, 1930. Temp. — 26° ± l°C. 

Initial medium —normal sea water (CF~1.896 (15°C); pH — 8.2) 
Experimental medium —diluted sea water (CF —1.037 (IB’C); pH—8.2-8.0) 


0 

1.899 

_ 

15 

1.753 

0.0054 

35 

1.596 

0.0055 

67 

1.441 

0.0051 

100 

1.340 

0.0047 

150 

1.253 

0.0042 

218 

1.135 

0.0048 

287 

1.150 

0.0033 

342 

1.092 

0.0040 

395 

1.108 

0.0031 

435 

1.070 

0.0042 

467 

1.067 

0.0041 

538 

1.075 

0.0049 


Aug. 7, 1930. Temp.» 27° :fc 1°C. 

Initial medium —normal sea water (CF-^ 1.884 fl5°C>; pH -8.2) 
Experimental medium—concentrated sea water (CF—2 307; pH—8.0) 
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0 

1.884 

— 

10 

1.944 

0.0058 

15 

2.052 

0.0041 

75 

2.161 

0.0048 

120 

2.213 

0.0041 

180 

2.320 

0.0056 

265 

2.344 

0.0050 

325 

2.364 

0.0068 

285 

2.331 

0.0057 


Table XXVIII. — Changes of Cl', J, * of the Body Fluid of Caudina, 
whole Body being placed in changed Medium. 

Oct .31 —Nov. 2, 1930. Medium temp.=--12°±l°C. 

Initial medium - normal sea water (Cl' 1.905 (25° dt0.02°C); pH--8J2; A — 

1.91 ±0.01; •/-0.0481 (25°±0.02°C)) 

Experimental medium “diluted sea water (CK—1.523 (25°±0 02°C); pH — 

8.2 8.1; A =-1.53 ±0 .01; x=-0 0403 (25°±0.02°C)) 



Chlorine ion in 

i 

* 

(25°±0.02’C) 

0.4343 K' 

Time in mins. 

grs. per 1 (X) c.c. 
(25 ! ’±0.02°C) 

: a 

1 , Co — Cm 

-- t log c _ Cn 

0 

1.905 

1.91 

0.0481 

_ 

125 

1.726 

1.72 

0.0442 

0.0022 

300 

1.607 

1.62 

0.0422 

0.0022 

720 

1.552 

1.58 

0.0408 

0.0016 

1445 

1.535 

1.55 

0.0406 

— 

2025 

1.529 

1.53 

0.0404 

i 



Oct. 22. 1930. Temp. 14 °±VC. 

Initial medium-^-normal sea water (A:-1.92±0.01; Cl' —1.91 (15°C); pH — 

8 . 2 ) 

Experimental medium— diluted sea water (A —1.19±0.01; Cl' —1.17 (15°C); 
pH -8.2) 


■ 

0 

1.91 

1.90 

_ 

_ 

60 

1.76 

1.78 

— 

0.0016 

180 

l.i2 

1.43 


0.0026 

390 

1.31 

1.34 

— 

0.0019 

570 

1.23 

1.24 

— 

0.0019 


Table XXIX.—Change of the Body Weight of Caudina 
placed in diluted Sea Water (3: 2). 

Aur. 20 , 1929. Medium temp. —26°±1°C. 


Time in minutes 

WeiKht in grams 

0 

36.4 

6 

36.9 

16 

37.1 

31 

37.7 
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46 

28.4 

61 

28.4 

81 

29.0 

101 

29.6 

121 

29.8 

111 

:m. 4 

161 

29.6 

m 

29.7 

211 

40.2 

241 

40.2 

828 

41.2 


A 




0 20 40 flO 80 J00 120 140 160 J80 200 220 240 260 2*0 3<X> ?>S0 340 3 00 880 KH> ISO 140 -«»« 4*0 .50 > 020 .540 


Fig. VIIa Vllji. Change of concentration of body fluid of Caudina , its body, as 
a whole, being put in the medium (Table XXVI). Ordinate, contentration of Cl' in 
grs. per 100cc. of body fluid; obcissa, time in mins. 

A. Diluted medium (diluted sea water). 

X- - small animals. #•*• large animals. 

B. Concentrated medium (ordinary sea water) 

x*-- small sized animal. • ••••middle sized animal. 

□. . . large sized animal. 


The way of the osmotic equilibration may in this case also be expressed 
by the monomolecular equation to some extent, as in the preceding 
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experiments on the permeability of the body wall. The value of K' for 
shrinking is also much greater than that for swelling, showing that 
consideration of the forces, chiefly such as an elasticity is also required. 
We however note that the concentration of the body fluid reaches that of 
the external medium much sooner than in the case of the permeation only 
across the body wall, which may be due to (1) periodical inhalation and 
exhalation of water through the anus, and (2) partly to swallowing of 
water through the mouth. There was no direct way to determine S/V. 
The data show that large animal which must have a large volume of the 
body fluid has a small K'. 

It was often observed that the animal discharged the body fluid through 
the coeloanal canal, which made not only the conditions change but also 
sometimes the body weight decrease even when in diluted solution. So 
that in the present investigation, the animals which lost too much of 
their body fluid, were eliminated. 

At any rate Table XXIX shows, swelling of the animal in the diluted 
medium was observed, sometimes its body being crammed to bursting with 
increased water in the body fluid indicating that the osmotic equilibration 
was produced in this case also mainly by the transport of water between 
the inside and the outside of the animal. 

3. Permeability of the animal surface to Cl', SO/' Na\ K\ Ca # \ 
and Mg*\ 

The following experiments were arranged so as to yield quantitative 
data on the permeation of Na\ K\ Ca*\ Mg # \ SO/', and Cl' into or out 
of the body fluid of Caudina. According to the experiment (IV, B, 2), 
the composition of the body fluid of Caudina was very similar to that of 
the medium sea water. So that, as the experimental medium, the sea 
water of which the ratio of ions was changed but the osmotic pressure 
was not changed, was employed. 

a. Method. 

Experimental solutions were prepared by adding to sea water, measured 
proportions of salts solutions. The following Table demonstrates that 0.56 
molar solution of a salt which molecule consists of two ions, has approxim¬ 
ately the same osmotic pressure as the sea water. 

The single salt solutions were, as had been expected, unphysiological 
even if isotonic, with animals. In isotonic NaCl solution Caudina could 
not live for more than 2 days; in isotonic KC1, MgCl 2 solutions the animal 
survived for twenty minutes. In KC1, the animal contracted to death dis¬ 
charging the body fluid; MgCl 2 solution acted as a narcotic; in CaCl 2 the 
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Table XXX. — A modified Table on the Composition of 
the Sea Water or the Body Fluid of Caudina , 

(see Table IV). 


Concentration 


, 

Giamions 
per L. 

Gram* , 


Ion 

grs. per L. 

equivalents 
per L. 


Cl' 

19.2 

0.541 

0.541 

J 0.0599 

SO/' 

2 .K 

0.029 

0.058 

Na* 

10.7 

0.465 

0.465 


K* | 

1 0.4.'? 

0.011 

0.011 

>0.0002 

Ca" 

! 0.4.1 

0.011 

0.022 

Mg- 

! 1.27 

0.052 1 

i 

0.104 

J 

Sum ' 

1.109 [ 




body wall became hard. Kven in the equivalent mixture of these isotonic 
solutions, Caudina contracted to death soon, discharging the body fluid, 
but survival in this solution was possible if the mouth and anus were 
outside the solution; the same was the case in the mixture of NaCl and 
KjSO.,. These circumstances lead me to prepare the following solution of 
a known composition which is slightly different from that of the sea water, 
but sufficiently different for the purpose. 

Preparation of solutions. 

0.055x4 M. KC1, 0.033x4 M. CaCl 2 , 0.104x4 M. MgCI 2 .6aq., 0.294 
x 4 M. NaCl solutions were prepared; CaCl.» and MgCl* solutions were 
standardized against the standard AgNO< solution. Then the equal volumes 
of these solutions were mixed. 

The resulting solution contains: 





Sea water 

Na 

0.234 gramions/L. 

0.465 

K* 

0.055 

„ 

0.011 

Ca" 

0.03.1 


0.011 

Mg* 

0.104 

” 

0.052 

Cl' 

0.623 

0.055 (from KC1) 

0.000 ( „ CaCljJ 
0.208 ( MgCl.) 

.0.294 ( „ NaCl) 

0.541 

SO" 

0.000 


0.029 

Sum 

1.109 


1.109 


In order to give the more physiological properties to the experimental 
solution, such as buffering action, the same pH as that of sea water etc.. 
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3 volumes of sea water were added to 4 volumes of this solution. The 
osmotic pressure of the resulting solution was determined by the freezing 
point method with an uncertainty of 1%, and regulated to that of the sea 
water which is in equilibrium with the animals, by addition of water or 
salt solution. This procedure was necessary as (1) the total concentration 
of salts in sea water, entirely different from the ratio of ions, is subject 
to the daily variations, (2) analysis of sea water was not complete when 
carried out by the micromethod. 

Other methods and apparatuses, employed were the same as those of 
the experiments (IV; V). 

The comparative data on the compositions of sea water, body fluid and 
experimental solutions are given in Table XXXI. 

b. Results and discussion. 

The observed compositions of the body fluid of Caudina after exposure 
of the animals to sea water modified so as to change the ratio of ions, 
but to have its osmotic pressure unchanged, has been tabulated in Tables 
XXXII, XXXIII and Figures VHI A -XIIIc. As often stated, the volume 
of the experimental solution was so large that the concentration of each 
ion was not changed during the course of the experiment. 

Since the number of times of the experiments was small and data for 
first several hours, in each experiment, are wanting owing to my expectation 
of smaller permeability, Tables XXXII, XXXIII are incomplete for study¬ 
ing kinetics of permeability. They will, however, answer the purpose of 
studying the permeability itself, or of showing the order of the magnitude 
of the velocity constant, K", for the permeability to each ion. Here, it is 
also seen that K" for the permeability of total body surface is much 
greater than that of the body wall. 

Although I can say nothing about the so-called irreciprocal permeabi¬ 
lity (Whertheimek 1923, 1925, 1926) and also the mutual influences of 
ions on their permeability, it seems that at least in the modified sea water, 
above mentioned, the order of their velocity of penetration is approximately 
as follows: 


K # >Na*>Ca’’>Mg"; . .... . « « * 

cr>so" * or p ermeal),I,t >’ °* t " e boc *y wa “* 

This order is the lyotropic and may be that of decreasing size of the 
hydrated ions (J. W. Ingham '28; S. Matsuura '30), and is parallel to 
that of their diffusion coefficients (Landolt B6uNSTEiN-Physikalisch-Chemi- 
sche Tabellen, 5 Auflage, 1, S. 246). This is also the order of permeability 
of cells of animals and plants (E. Gellhorn : Das Permeabilitatsproblem 



Table XXXI. — Relation between the Sea Water (in Equilibrium with Animals) 

and the experimental Solutions. 
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bases should be slightly greater than the equivalent of stable acid radicals but are not, due to the experimental errors. 
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Table XXXII. — The observed Compositions of the Body 

Sea Water (Figs. VIII A , 


Concentration in the body fluid 


Nov. 30, 
1930. 16° 
±0.05°C. 


Time in mins. 

as grs. per lOOc.c. 

as gramions 


Na* K* Ca" Mg" SO/' 

CV 

Na* K- Ca** 

Sea water in equi¬ 
librium with animals. 

0* 

1. Oo|o. 0408|0. O^wojo. 132J0.26o|l. 88 

1.010.0446 0.0387 0.1310.2661.88 

0.04350.00104 0.00096 

0.04400.00114 0.00097 


0 « 

290 u 

772 0 

1580 
3167© 
4209 ^ 
7410 
Medium 


1.010.0438 0.0387 0. 
0.910.118 0.069 0. 


0.86,0.133 0 


0*830.141 0 
|0.84'0.138 0 
j0.83|0.143 0 
0.810.139 0 


0.085 0. 
0.085 0. 
0.086 0. 
0.093 0. 
0.089 0. 


.266 1.880. 
. 20112 . 00 , 0 . 
.14712.040. 
.137,2.07|0. 
.139:2.06,0. 
.1352.070. 
.130,2.070. 


0.820.139 0. 


.00112 0.00097 
.00302 0.00172 
.00340 0.00212 
.00361 0.00212 
.00353 0.00216 
.00386 0.00232 
.00356 0.00222 
.00356 0.00220 


x mix. from 4 animals. 
° mix. from 2 animals. 


0mix. from 2 animals, 
'’’mix. from 2 animals. 


tJ mix. from 3 animals. 
A mix. from 2 animals. 


Table XXXIII. — The observed Compositions of the Body Fluids after 
Anuses being out of the Medium (Figs. VIII B , VIII C , 


I Concentration in the body fluid 


Time in mins. 


as grs. per lOOc.c. 


as gramions 


Ca" Mg" SO/' Cl'I 


Nov. 30, 
1930. 15° 
±0.05°C. 


Sea water in equi- L 

librium with animals. 1-W.0.04080 
0* It.010.04400. 

0$ 11.010.04380. 

602 lo.920.125 |0. 

1440 i0.890.138 j0. 

2880 . [0.86 0.143 [0. 

4003 0.860.139 0. 

6915 [0.840.144 !o. 

Medium 0.84,0.139 '0. 


.00104 0. 

.00114 0. 
.00112 0. 
.00320 0. 
.00353 0. 
.00366 0. 
.00356 0. 
.00368 0. 
.00356 0. 


'* mix. from 4 animals. § mix. from 2 animals. 


Jan. 5, 
1931. 15° 
db0.05°C. 


Ubtartth'anfmaU. I 1 - .Oo|o.MOSO.OMMj0.1l.Wo.STsjl.WO.O^'o.OOlOS 0.00096 

664 |0.90b.l35 6.069 ,0.177,0.195:2.020.03910.00346 0.00172 

1729 10.870.143 6.084 |0.1860.166|2.060.0378,0.00366 0.00210 

Medium 0.85b. 163 0.092 :0.200|0.1122.070.03700.00391 0.00230 
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Fluid after the Animals were placed in the modified 
IX A , X A , XI A , XII A> XIIIa). 


per lOOc.c. 

I Mg" I SO." 


1*1 jUi 


hi in 

n _JT co oT 


0.4343 


Co, — Cim 
Ci - Cmi 


0.0054*10. 

0.00539,0. 

0.00518,0. 


0.007090 

0.008360 

0.008100 

0.00839,0 

0.008020 

0.008140 


002770 

002770 

002090 

001520 

001430 

001450 

001400 

001:150 

001240 


). 0530 0.1066 ( 0.0573^). 0584 

). 0530 0.10730.0690 0.0585 
). 0530 0.1070 0.0589 0.0585 

1.0564,0.11030.0000,0.0606 0.0011 0.0022 0.0014 0.00140.00097 0.0024 
1.05750. T0900.00040.0605 0.0009 0.0016 0.0016 0.00 lo!o.00093 0.0010 


. 0584 0.1100 0 . 060710.0613 
. 058110 . 10980.0005 0.0610 
.0684 0.1103 0 . 0012 , 0.0612 
. 0584 0.1088 0.0592 0.0611 
. 0584 0.1092 0.0599 0.0609 


0.00058 

0.00027 

0.00029 

'0.00015 


Exposure of the Animals to modified Sea Water with their Mouths and 
IX B , IXc, X B , Xc, XIb, XI,, XII U , XIIc, XIIIb, XIIIc). 


per lOOc.c. 

I Mg- SO*" Cl' 


171 

5 . 6 
1 B « 


161 

« a o 

0.4:143 K"-- —- log 

- a i 

" a s 

Q CL 

t 

Sum 

ion 

equi 

ill 

W qj 

Na' K- Ca" j 


| Mg * 


0.005430. 

0.006390. 

0.005180. 

0.006410. 

0.007530. 

0.008020. 

0.008220. 

0.00863,0. 

0.00855^. 


002770. 
002770. 
001900. 
001460. 
001330. 
001370. 
001360. 
00117K). 


.0573 0.0684 
.0590 0.0585 

.0574 0.0585 | 

. 0589 0.0600 0.000541) .001-10.00035:0.00030,0.000510.00062 
.0013 0.0602 0.00037 'o. 000620.00035 0.00034 0.00047 

.0615 0.00080.00032 I 0.000270.00022 

.0021 0.0608 0.000250.00013 

.0017 0.0611 
.0615 0.0607 


_ I I ! i i 

0.00559,0.00287,0.0539.0.1079,0.0576 0.0596 | 

0.007280.0020a0.05700.11060.0606 0.06110.000850.00140.000640.00079,0.00052,0.00090 
0.0076510.001730.05780.11070.0610 0.0613,0.000510.0006(0.00048,0.000380.000280.00052 
0.008220.001170.05840.11100.0620 0.0607 ! 
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Figs. XIa, XIit, XI, : Mg' 
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Figs. XIIIa, XHIb, XIIIc: Cl'. 

Fig^VIIU XIIIo. The observed composition of the body fluid of Caudina in 
the modified sea water, (A) its body as a whole being put in the medium or (B, G 
its mouth and anus being outside the medium (Tables XXXII, XXXIII). Ordinate, 
concentration of each ion in grs. per 100c.c. of body fluid; abcissa, time in hrs. 
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(1929) — Monographien aus dem Gesamtgebiet der Physiologie der Pflanzen 
und der Tiere 16. Band). 

For the permeability of total body surface, the order seems to be as 
follows: 

K>Ca", Mg M , Na # ; 

Cl'>SO/'. 

As to the order given above, I may state that, since discharging of 
the body fluid from the coeloanal canal as well as respiration in the 
respiratory trees came into question, as often stated, whether the discre¬ 
pancy of the order shown between the permeability of the body wall and 
that of the total body depends on the experimental error or not, can not 
be decided and needs further investigation. 

(According to S. Matsuura, the velocity of permeation of a single 
electrolyte through a parchment paper is as follows: 

KC1>NH 4 C1>NaCl>LIC1; BaCI 2 >CaCl 2 . MgCL; 

KI=KBr>KCl>KNO*> K 2 SO<). 

VI. SUMMARY. 

1. The body fluid, freed from corpuscles, of Caudina chilensis is almost 
of the same osmotic pressure (freezing point depression), specific conduc¬ 
tance, specific gravity, and saline composition as those of the sea water 
in which it lives. 

2. If the osmotic pressure (and specific gravity and specific conductance) 
of the sea water is changed by dilution or concentration within the limit 
of its survival, its body fluid rapidly attains almost the same osmotic 
pressure (and specific gravity and specific conductance) and this animal can 
not regulate the osmotic pressure of its body fluid to a value different 
from that of the medium. 

3. The kinetics of the change of concentration of body fluid in diluted 
or concentrated sea water was discussed. Its velocity constant in the case 
of permeability of total body surface (the entire body being placed in the 
medium) was much larger than that in the case of permeability of body 
wall (mouth and anus being outside the experimental medium), which may 
be due to (1) periodical respiration of water in the respiratory trees which 
membrane is as thin as that of the alimentary tract, and (2) partly to 
swallowing of water through the mouth. It was seen that the velocity 
constant for shrinking of body was in both cases much greater than that 
for swelling, which depends probably on other forces such as elastic than 
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osmotic. For the swelling of the animal, previously shrunken in concentrated 
medium, in ordinary sea water in the case of permeability of body wall 
has the same velocity constant as that for shrinking. Therefore, irreciprocal 
permeability of the body wall to water seems not to exist. 

It was proved that the osmotic equilibration occurs not only by diffusion 
of water but also by diffusion of salts in solution in the sea water, though 
it may be slight (a few per cent, of the former in the case of permeability 
of body wall). 

4. The permeability of the animal surface, including or excluding mouth 
and anus, to each ion has been proved by the concentration change of 
each ion of the body fluid when the animal was placed in the sea water 
which was as modified in the ratio of Na\ K\ Ca", Mg", SO/', and Cl' 
but to maintain its original osmotic pressure and properties as physiological 
as possible; the kinetics of the phenomenon was discussed. Here it was 
also seen that the velocity constant of each ion for the permeability of 
total body surface is much greater than that of the body wall. 

The rate of penetration of ions in this modified sea water was approxi¬ 
mately as follows: 


K>Na>Ca">Mg"; 

cr>so/' 


for permeability of body wall, 


K*>Ca\ Mg" Na; f .... , . , 

Cl' *SO" tor P ermeab,ht y °* tota * surface. 


5. The inhalation of the body fluid through the “ coeloanal canals ” does 
not appear to be the normal process with Caudina. 
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EXPERIMENTAL STUDIES ON A JAPANESE PLANARIAN 
I. FISSION AND DIFFERENTIAL SUSCEPTIBILITY. 


By 

C. M. Child. 

Biological Institute, Tdhoku Imperial University, Sendai, Japan 
and Zoological Laboratory, University of Chicago. 

(With 30 text-figures) 

(Received June 1, 1932) 

During a stay of some nine months as visiting professor at Tohoku 
Imperial University, Sendai, Japan in 1930-31 an experimental study of 
the fresh water triclad known as Planaria gonocephala was undertaken 
to obtain material for comparison of this species with the American species 
studied. Various lines of experimental analysis which had been developed 
in the study of other species were followed with the Japanese species 
with particular reference to questions of gradients, dominance and polarity. 
The work included observations and experiments on fission, on various 
aspects of differential susceptibility, on reconstitution and head frequency 
in relation to length of piece and level of body and on the experimental 
modification of reconstitutional development. 

It is a pleasure to acknowledge my obligations to the Director of the 
Institute of Biology, Dr. S. Hatai, to Dr. E. Nomura and other members 
of the staff for their kindness in providing facilities for work and assisting 
me in many ways, to my assistant Mr. Y. Watanabe, who supervised 
most efficiently the collection and laboratory care of the material, and to 
the Rockefeller Foundation which provided in the visiting professorship 
the opportunity for this work at Sendai and also for work at the Asamushi 
Marine Biological Laboratory. 


MATERIAL 

The planarians were obtained from the Hirose river near Sendai, 
bring found chiefly on the lower surfaces of the stones of the river bed. 
Collections were made both with use of meat as bait and by removing 
the animals from the stones. In keeping stocks of the animals in the 
laboratory some difficulty was encountered. Some stocks began to die 
within a few days after collection, others lived for some weeks and then 
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gradually died. The death rate was sometimes high in experimental lots 
while other similar lots showed no deaths. Lean beef, chicken liver, fish 
and earthworm were used as food and all were eaten readily, but the 
liver-fed and fish-fed stocks did not live well. However, since the food 
problem was considered only in so far as the attempt was made to provide 
a satisfactory food, nothing definite can be said concerning the possible 
factors in the deaths of these stocks. Lean beef was the most satisfactory 
food of those used. 

It was also found that the tap water at the institute was apparently 
toxic at times. Some stocks died within a few days after collection while 
others lived for several weeks. The water was stated to be in part the 
city water of Sendai, in part from a deep well. It was at times somewhat 
acid (pH 6.00 or even less) on account of excess CO # while at other 
times it was alkaline (pH 7.3). It was readily determined that the acidity 
of the water was not the toxic factor for the animals also died in water 
which had become alkaline by exposure to air, or was made alkaline by 
addition of NaHCO*. A complete analysis of the water was not obtainable 
and the qualitative and quantitative salt content was not known. It was 
finally found that the animals lived well in various dilutions of a modified 
Ringer solution of the following composition: NaCl 6.5 g., KC1 0.14 g., 
CaCI 2 0.12 g., distilled water 1000 cc. This solution was brought to pH 
7.5-7.6 by addition of NaHC0 3 . No deaths occurred in stocks kept for 
several months in dilutions of 1/20-1/50 of this solution. 

In collections of the animals individuals ranging in size from 5-6 mm. 
to about 20 mm. were obtained. During the period of collection from 
October to May there was no indication of sexual reproduction and no 
sexual animals were found, but fission was of frequent occurrence except 
during the colder months. It is probable, therefore, that the small animals 
in the collected stocks were products of fission. 

In color and general appearance the animals resemble Planaria dorct 
tocephala but the head is less sharply pointed anteriorly and the cephalic 
lobes are shorter and blunter than in that species. On irritation or section 
the mucus secreted is greater in amount and much more dense and difficult 
to remove than in American species. It had been hoped that a study of 
physiological dominance in this species by means of grafts would be 
possible, but the large amount and the character of mucus secreted 
defeated all attempts at grafting. The grafts as well as the regions of 
the host body about the opening made for reception of the graft became 
covered with the dense mucus immediately after operation and since no 
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satisfactory method for its removal without inducing further secretion was 
found the tissues of graft and host apparently did not come into actual 
contact. Grafting was repeatedly attempted with animals in normal condition, 
with anesthetized animals, with animals made practically motionless by low 
temperature (operation on ice) and with animals in various concentrations 
of salt solutions, but without success. Even when the grafts remained in 
position for several hours or a day they were easily forced out by the 
contractions of the animals or often gradually emerged from the opening 
in the host body without active contraction on the part of the host. 

FISSION UNDER NATURAL AND EXPERIMENTAL CONDITIONS 

Reproduction by fission is characteristic of the species but under 
natural conditions rarely if ever occurs in animals less than 12-15 mm. in 
length. The body level at which fission usually takes place is 2-4 mm. 
posterior to the mouth but occasionally fission occurs at a distinctly more 
posterior leveJ about half way between the usual level and the posterior 
end. In the larger individuals which have not recently undergone fission 
the postpharyngeal region is longer than the prepharyngeal. During the 
autumn most of the larger individuals collected showed evidences of recent 
fission in the short postpharyngeal region ending as if transversely cut or 
often in a regenerating posterior end. The postpharyngeal region grows 
much more rapidly than the anterior region and so attains the original 
length following fission with little or no increase in length of the whole 
individual. 

Although no external morphological differentiation of a second individual 
is visible in the posterior region there can be no doubt that in this species, 
as in P. dorotocephala , this region is to some extent physiologically marked 
off from more anterior levels as another zooid and to a greater or less 
degree physiologically isolated from the dominant head of the animal 
(Child, 1910, 1911, 1924, pp. 151-160). Some of the physiological 
characteristics which distinguish the posterior zooid from more anterior 
regions will appear in the data presented below. In many of the larger 
animals the posterior region apparently represents two, or sometimes even 
three zooids. This is indicated by the fact that fission can readily be 
induced at one or two other fairly definite levels posterior to the usual 
level of fission and sometimes occurs at one of these levels in nature. 
At other levels of the body there is no indication of predetermined fission 
planes but in the absence of the head new zooids and fission planes will 
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develop and fission may occur in pieces from other levels. Various lines 
of evidence indicate that a posterior zooid is a region in which the recon¬ 
stitution of a new individual has begun and is slowly progressing but does 
not attain a stage in which it becomes directly visible in morphological 
differentiation until after fission. For example, under slight stimulation, 
particularly in the absence of the head of the animal, the posterior zooid 
may show a motor reaction independent of the rest of the body; when 
physically isolated the head develops more rapidly and on a larger scale 
in relation to size of piece than in pieces from the middle region of the 
body and in P. dorotocephala the posterior zooid has a higher oxygen 
consumption than the middle region (Hyman, 1923). 

Certain seasonal differences in the lengths of animals and the occurrence 
of fission are of interest as indicating some of the factors concerned in 
determining whether, or at what length of body fission shall occur. As 
noted above, most of the longer animals collected during the autumn 
(October and November) had recently undergone fission and were 12-15 
mm. in length and during the first few days in the laboratory further 
fissions occurred among those individuals 16-18 mm. in length which had 
developed posterior zooids since their last fission. Material collected from 
January to March showed that the animals were attaining greater length 
(20-25 mm.) during this period than in the autumn but these animals showed 
no evidences of recent fission and under laboratory conditions in water at 
a higher temperature than in nature no fissions were observed. Material 
collected during April was similar in character, but early in May fissions 
began to occur again in nature and somewhat later in the month almost 
all of the larger individuals showed the short blunt and regenerating 
posterior ends and the small animals which develop from the posterior 
zooids were much more numerous than earlier. Collections could not be 
continued during the summer but since no indication of development of 
sex organs was observed in the spring material and since the autumn 
material showed numerous fissions, it seems probable that fission continues 
during the summer without a period of sexual reproduction. This is the 
case in P. dorotocephala in the localities from which collections have been 
made and the absence of sexual reproduction has also been noted for 
other species in certain localities in the United States. 

A few experiments on fission were made, in part by the writer, in 
part by students. It has long been known that in planarian species which 
undergo fission removal of thcr head will frequently induce its occurrence, 
even*in animals of small size which very rarely or never undergo fission 
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in nature. When the head is removed fission does not usually occur at 
once but only after several days when the new head has developed 
sufficiently so that the animal becomes active again. Apparently at this 
stage the dominance of the new head over the posterior zooid is less 
complete than that of the original head and as the animals begin to 
move about an independent reaction of the posterior zooid occurs more* 
readily than in the intact animal. If fission does not occur within a week 
after removal of the head it rarely occurs later except after feeding and 
further growth in length or a second removal of the* head. Within a 
week after removal of the head the dominance of the new head is evidently 
sufficient to prevent fission. 

Table I gives data on the occurrence of fission following removal of 
the head in large and small animals in early autumn and in spring. The 
table shows that in all lots fission occurs more frequently in large than 
in small animals following removal of the head, also that it occurs more 
frequently in the autumn than in the spring material and finally that in 
the spring material a second removal of the head about one week after 
the first removal induces a few more fissions in the larger animals but 
has no effect on the small animals. Both in the large and small animals 
the total percentages of fission after the second removal of the head are 
less in the April material than in the autumn material after the first 
removal of the head, but in the May material the total percentage of 
fission after the second removal of the head approaches thal of the autumn 
material. In the April and May material some deaths occurred but only 
in the May material is the number of deaths sufficient to make the results 
of uncertain comparative value. 


Table I. 

Occurrence of fission after removal of head in large and small 
animals at different seasons . 





After first removal of head 1 

After sec 

ond removal of head 


Number 

1_*u 





Season 

of 

i.engtn 


Number of fissions 


Total number of 


animals 

in mm. 

Dead 

as per cents of 

I otal 

fissions as per 





living 


cents of living 


40 

18-20 

0 

65 



October 








40 

8 10 

0 

05 




40 

20 22 

o 

10 

5 

45 

April 

50 

8 -10 

3 

1 

25.5 

3 

25.5 

May 

20 

18-20 

0 

42. S 

6 

57 
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As already noted above fissions occurred among the larger animals of 
the autumn stocks without removal of the heads, but somewhat less frequently 
than when the heads were removed. In the winter and early spring 
material the large animals did not undergo fission unless the heads were 
removed although they were considerably longer than the autumn animals. 
In the smaller animals (under 12 mm.) of the autumn material fission was 
very rare unless the heads were removed and in the winter and spring 
material it was nerver observed except after removal of the head. 

Both the observations on material collected at different seasons and 
the effects of removal of the head show that animals which have been 
living at low temperature do not undergo fission as readily as those which 
have lived at higher temperature, even though they attain a much greater 
length than the latter. There is considerable evidence for several species 
to indicate that rate of growth is an important factor in determining the 
length attained before fission. The more rapidly growth in length occurs 
the less the length at which fission occurs. With slow growth in the 
laboratory P. dorotocephala may attain without fission twice the length 
that it reaches in nature at the same temperature but with a much higher 
growth rate and in P. rnaculata a greater length is attained without fission 
when growth is slow than when it is rapid. 

It may be suggested as a possible basis for these differences that when 
growth in length is rapid the differentiation and functional development 
of the nervous system do not keep pace with it, consequently a sufficient 
degree of physiological isolation of the posterior region to permit fission 
occurs at a shorter length than when growth is slow. In the case of the 
animals living at low temperature it is possible that a lower level of motor 
activity may decrease the frequency of fission while the animals are in the 
cold water, but that this is not the chief factor is shown by the fact that 
when these low temperature animals are brought into warmer water in 
the laboratory they do not undergo fission. 

In animals like Planaria which continue to grow in length throughout 
life the longitudinal nerve cords must undergo continuous development 
corresponding to the increase in length of the body and the distance or 
range over which the dominance of the head is effective must be limited 
by the development of the nerve cords in the posterior region in which 
growth is most rapid, particularly in the larger animals. With rapid 
growth in length development in the posterior region may occur more or 
less as it does in a physically isolated piece and the result is a new zooid. 
But this zooid is prevented from developing beyond very early stages until 
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fission occurs and the range of dominance of its anterior region remains 
very short so that with further growth in length a second physiological 
isolation may occur with demarcation of another zooid, arid if fission does 
not occur a fourth zooid may develop. All of these posterior zooids are 
short because the head region and the nervous system are but little 
developed, that is, the nervous system has undergone but little reorganiza¬ 
tion in the direction of a new individual, consequently the range of 
dominance and the lengths of these are short. The anterior zooid, on 
the other hand, with fully developed head and with little reorganization 
of the longitudinal cords in the later stages of growth since it undergoes 
only a very slow increase in length, attains a much greater length than 
the posterior zooids. This difference in range of dominance in relation 
to degree of development of the head, that is, the* nervous system, becomes 
visible in the rhabdocoel Stenostomum in the different lengths which different 
zooids of the chain attain before their posterior regions become marked 
off as new zooids (Child, 1929, pp. 43, 44). 

As regards development of new zooids in the posterior region and 
occurrence of fission the Japanese species and P. dorotocephala are very 
similar. Such species cannot become sexually mature as long as nutrition 
and rate of growth lead to the development of posterior zooids and the 
occurrence of fission. Even if testes and ovaries develop the repeated 
reorganization of the postpharyngeal region associated with fission prevents 
the development of the terminal portions of the reproductive system. 
But apparently this repeated reorganization, together with periods of 
scarcity of food, keeps the animals in a physiological condition or stage 
in which development of sex organs does not occur, that is, the tissues 
do not attain the physiological age at which these organs appear (Castle, 
1928; Child, 1913 b, 1914 b, 1915, chaps. V-VII). In the laboratory 
under conditions which permit only slow growth P. dorolocephala may 
become sexually mature after several months without fission. Probably 
the Japanese species can be brought to sexual maturity in the same way 
and in some localities where natural conditions favor slow growth and 
fission occurs rarely or not at all sexual maturity may appear regularly 
as a stage of the life cycle. 


DIFFERENTIAL SUSCEPTIBILITY: INTRODUCTORY 


The facts of differential susceptibility and the.r physiological significance 
have been discussed elsewhere (Child, 1913 a, 1924, pp. 7fr-86, 104-110, 
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1928, 1930). Here only a general statement of the present theory of 
differential susceptibility and the more important facts concerning P. gono- 
cephala as compared with the American species are given. 

First, the differences in susceptibility of different regions or organs of 
an individual to physical and chemical agents may be non-specific gradients, 
that is, in the same direction though perhaps different in steepness or 
slope for a certain range of concentration or intensity of action of different 
agents. On the other hand, these differences in susceptibility may be 
specific for particular agents and may appear as gradients differing in 
direction with different agents or as more or less sharply localized specific 
susceptibilities of particular organs or tissues. 

Second, non-specific susceptibility gradients indicated by the gradual 
progress of cytolysis or other death changes or by different degrees of 
retardation or inhibition of growth, development or motor activity are 
very generally characteristic of physiological axes, at least during the 
earlier stages of development and often in the simpler organisms or in 
particular organs throughout life. 

Third, non-specific susceptibility gradients, that is, those which show 
the same direction with different agents which produce their toxic or 
lethal effects in different ways, must depend on quantitative rather than 
on qualitative or specific differences in physiological condition in the axis 
or direction concerned. 

Fourth, the evidence at hand indicates that these quantitative differences 
in condition are usually if not always associated with and indicated by 
differences in rate of respiratory metabolism. To a certain range of highly 
toxic or gradually lethal concentrations or intensities of action of agents 
the susceptibilities vary directly with the quantitative differences in physio¬ 
logical condition. To a certain range of low concentrations or intensities 
of action of the same agents the susceptibilities vary in all cases investigated 
inversely with the quantitative differences in physiological condition. In 
other words, to the high range of concentrations and intensities of action 
the most active regions are most susceptible, while to the low range these 
regions are least susceptible, acquire tolerance or acclimate most rapidly 
and recover most rapidly after temporary exposure up to a certain limit 
of duration. 

These general relations between the rate of change in the system and 
susceptibility to external disturbance hold, not only for living protoplasms, 
but for other physicochemical systems undergoing dynamic equilibration. 
The higher the rate of change in the system the more rapidly is the 
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system disrupted or essentially altered by extreme irreversible external 
disturbance and the less susceptible it is to slight, rapidly reversible 
disturbance. The rate of change, the degree of activity of the system is 
then an essential factor in the effect of the external disturbance. In the 
case of a toxic action of an agent on living protoplasm above the limit 
of tolerance the most active region will reach the point where normal 
activity cannot continue sooner than other less active regions because its 
own activity as well as the concentration of the agent is a factor in 
bringing it to this point. To an action within the limit of tolerance the 
most active region will be least susceptible because it will most rapidly 
dispose of the agent by oxidation, reduction or otherwise and will most 
rapidly remove or reverse its effects. For example a planarian or a region 
of the planarian body with a high rate of metabolism dies more rapidly 
than other individuals or regions with a lower rate in alcohol at a con¬ 
centration of four or five per cent, but in a concentration of one to one 
and a half per cent this individual or region may live indefinitely while 
the animal or region with lower metabolism may gradually die in the 
same concentration. Again, as will appear below, when isolated pieces of 
Planaria undergo reconstitution in KCN m/300000 or m/400000 the 
development of the head is less inhibited than that of the posterior end 
but in KCN m/1000() or higher concentration the head is the most sus¬ 
ceptible region and disintegrates first (see p. 334). 

With the progress of differentiation, particulary in the higher animals, 
specific susceptibilities often appear in particular organs or tissues, that 
is, one organ may be highly susceptible to a certain agent, another organ 
to another. These specific susceptibilities are evidently dependent on the 
qualitative or specific differences in constitution of different organs or 
tissues and in action of different agents. But a differentiated organ which 
differs specifically from other organs in its susceptibility may show quanti¬ 
tative non-specific differences in susceptibility along its axis or axes, that 
is, a tissue which has undergone differentiation may still show the quanti¬ 
tative, non-specific differences in susceptibility in its different regions. 

DIFFERENTIAL SUSCEPTIBILITY AS INDICATED BY 
DIFFERENTIAL DEATH 

Observation on the differential susceptibility of the Japanese species 
to killing concentrations shows that it is very similar to P. dorotocephala 
and P. maculata , consequently the important fact- .«io presented in brief 
general form without tables or graphs. 
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In the planarian body differential susceptibility is in part nori-specific 
or quantitative, that is, the differences shown by different agents are in 
the same direction with respect to the axes, but certain more or less 
specific susceptibilities also appear. The differential susceptibility of P. 
dorotocephala to a large number of agents has been determined. These 
agents include weak and strong acids and bases, cyanides and various 
other electrolytes, various anesthetics, caffein, nicotin, vital dyes, distilled 
water, hypertonic solutions, ^ultraviolet radiation, x-rays, radium, extremes 
of temperature, lack of. oxygen. The number of agents used with the 
Japanese species is much less, but sufficient to show the general similarity 
to P. dorotocephala . It includes the following: KCN in various con¬ 
centrations from m/10(X) to m/10000 in alkaline, neutral and acid solutions, 
ethyl alcohol 3-4 per cent, ethyl ether 1-1.5 per cent, chloretone 1/20-1/5 
saturation, NH 4 OH (1/50000-1/100000 ammonia water), distilled water. 
The ranges of concentration given are those found by preliminary experi¬ 
ment to be above the limit of tolerance and below that of instantaneous 
killing. 

Because of the high susceptibility of the gut in recently fed animals 
the differences in susceptibility of the body surface and body wall appear 
more clearly in animals which have been without food for at least several 
days. In the recently fed animals agents which penetrate readily may 
affect the gut earlier than the body wall to such an extent that portions 
of the cytolyzing gut break through the body wall. Moreover, there is 
evidence that the actively digesting gut affects the physiological condition 
of the dorsal body wall so that it cytolyzes earlier in localized areas 
directly dorsal to parts of the gut. In animals kept without food for a 
week or two the gut is much less susceptible as compared with the body 
wall and with longer starvation the susceptibility decreases still further. 

In general disintegration or other death changes in the anterior zooid 
begin at the head and progress posteriorly to the level at which fission 
usually occurs. The susceptibility of the posterior zooid region as compared 
with that of the anterior zooid differs with size of animal and with various 
other conditions. For example, in animals 15-20 mm. in length in KCN 
m/1000 or m/2000 with pH above 9 the posterior tip of the body shows 
about the same susceptibility as the head and the whole posterior zooid 
region disintegrates before the posterior region of the anterior zooid (Figs. 
1 and 2). In the same concentrations of KCN but with pH near neutrality 
on either side death occurs much less rapidly than in the strongly alkaline 
solutions, the posterior tip is somewhat less susceptible as compared with 
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the heacl and the posterior zooid region or the anterior half of it is the 
last part of the body to die and disintegrate (Figs. 3-5). With the 
slower progress of death the posterior zooid region of larger animals often 



Figs 1-5. - Differential susceptibility as indicated by death and disintegration. 

The parts of the bodies drawn in broken lines are those in which surface and body 
wall have disintegrated. Arrows indicate direction of progress of disintegration. 
Figs. 1 and 2, disintegration in strongly alkaline or acid KCN and various other 
agents; the posterior region of the first zooid is least susceptible and at a given level 
the median region is less susceptible than the lateral margin. Figs. 3-5, disintegration 
in KCN near neutrality and in various non-irritating agents. Posterior zooid region 
or anterior half of it is the least susceptible region; margins are no more susceptible 
than median region. 


shows a distinct division into two parts as regards susceptibility, the posterior 
part being the more susceptible (Fig. 5). This suggests the presence of 
two zooids in this region and the experiments on fission show that two 
zooids are often present (p. 315). In KCN solutions with pH below 5 the 
acidity becomes the factor which kills, the susceptibility is higher than in 
less strongly acid solutions, and the relative susceptibility of the posterior 
zooid region approaches that in the strongly alkaline solutions. In the 
other agents used some variation in the relative susceptibility of the 
posterior zooid region also appears. It may be as susceptible as the region 
just posterior to the head or it may be the least susceptible region of the 
body according to concentration, pH and perhaps other factors. 

In P. dorotocephala the posterior zooid region has a higher oxygen 
consumption than the posterior half of the anterior zooid (Hyman, 1923) 
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but whether or not this is the case in P. gonocephala is not yet'known. 
In general the relative susceptibility of the posterior zooid region to killing 
concentrations appears to be somewhat lower in P. gonocephala than in 
P. dorotocephala. In both species the susceptibility of the posterior zooid 
region is increased or decreased more than that of other parts of the 
body by change in pH and in the lower killing concentrations of various 
agents its relative susceptibility decreases, that is, its survival time, as 
compared with that of the anterior zooid, increases, probably because it 
has a slightly higher limit of tolerance and oxidizes, reduces or otherwise 
disposes of the toxic agent somewhat more rapidly than the posterior 
parts of the anterior zooid. These variations in the relative susceptibility 
of the posterior zooid region show beyond question that it differs at least 
quantitatively in physiological condition from the posterior parts of the 
anterior zooid. It is a region in which the beginnings of reorganization 
into one or more new individuals are slowly taking place and it is probably 
to be regarded as slightly younger physiologically than adjoining regions 
and its higher oxygen consumption in P. dorotocephala is in line with this 
suggestion. 

The lateral marginal regions of the body show certain features of 
interest as regards susceptibility. In the more strongly alkaline and more 
strongly acid agents and in general in agents or concentrations which 
induce marked irritation or stimulation in the earlier stages of their action 
the lateral margins die and disintegrate earlier than median regions of the 
same body level (Figs. 1, 2). In slightly alkaline, neutral, or slightly acid 
solutions and with agents which do not irritate death and disintegration 
of marginal and median regions of a given body level occur almost at 
the same time, the median often slightly in advance of the lateral region 
(Figs. 3-5). These apparently more or less specific differences in suscepti¬ 
bility seem to depend, at least in large part, on the presence of large 
numbers of mucus gland Cells in the marginal region, but sensory cells of 
this region may also contribute to the high susceptibility. The mucus 
cells are stimulated to secretory activity by a pH above and below a 
certain range and by various other irritating agents and this stimulation 
evidently increases the susceptibility of the margins. With a pH near 
neutrality and in non-irritating agents or concentrations these cells are 
not stimulated and under these conditions the margins are no more, or 
even less susceptible than the median region. The susceptibility of the 
dorsal as compared with the ventral body wall shows somewhat similar 
variation with pH and other irritation and this also apparently results 
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from some degree of specific difference between dorsal and ventral regions. 

As regards the parenchyma and internal organs it impossible to deter¬ 
mine directly by means of differential killing whether or what differences 
in susceptibility are present or what the significance of observed differences 
may be because it is impossible with most agents to be certain whether 
exposure of the internal organs and tissues has been uniform in different 
agents. Certain internal regions may cytolyze earlier than others because 
earlier destruction or alteration of the body wall in those regions permits 
the agent to reach them earlier or in higher concentration. For example, 
if cytolysis of the gut progresses from the anterior end in the posterior 
direction following cytolysis of the body wall it does not necessarily mean 
that this course of cytolysis represents the real gut gradient. In fact, it 
probably does not for with agents which penetrate readily to the interior 
of the body the pharyngeal region and the middle region of the gut 
appear usually to be the most susceptible, though the susceptibility may 
vary with amount of food present and stage of digestion. The early 
swelling and cytolysis of gut cells with local cytolysis of the body wall 
dorsal to gut branches apparently occurs to a greater extent in fat-soluble 
agents, e. g., ether, chloretone and various other anesthetics, particularly 
in the higher concentrations. This is what might be expected for the 
gut cells are storage cells as well as digestive cells and in well fed animals 
accumulate fat (Willier, Hyman and Rifenburgh, 1925). In susceptibility 
tests made immediately or a few hours after feeding such breaking through 
of the gut cells may occur more or less all over the body. In animals 
which have been starved for several weeks the gut is relatively much less 
susceptible and at a given body level may remain intact or almost intact 
for some time after disintegration of the body wall. The susceptibility of 
the pharynx seems to be to some extent specific. In KCN it is little if 
any more susceptible than the regions about it, but in various anesthetics 
and various other agents it is aff<x:ted very early and may break through 
the dorsal body wall while that is otherwise intact and may even separate 
from the body. It seems probable that this specificity in susceptibility may 
be associated with the high neuromuscular development of this organ. 

From these various facts it appears that the longitudinal polar gradient 
of the body surface and body wall of P. gonoccphala , like that of P . 
dorotocephala and P. maculata is non-specific, that is, in the same direc¬ 
tion for all agents used. The differences in susceptibility in the three 
species, so far as observed, are differences of degree > ather than qualitative 
or specific differences. As will appear below, the differences in suscepti- 
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bility to killing agents along the polar axis correspond to differences in 
rate of growth and £f susceptibility of the growing tissue in isolated pieces 
undergoing reconstitution. In the light of all the evidence it cannot be 
doubted that these differences in susceptibility have a real physiological 
significance and that they are the expression of p quantitative differential 
or gradient in physiological condition along the axis. The high suscepti¬ 
bility of the posterior tip of the body is probably associated with its activity 
as a growing region, but its function as a region of attachment may also 
be concerned. The appearance of a certain degree of specificity for certain 
agents in the differences in susceptibility between median and lateral and 
between dorsal and ventral is in accord with the morphological evidence 
in indicating the existence of specific differentiations in different parts of 
these axes. 

In a recent paper J. W. Wilson (1931) has attempted to show by 
substitution of diluted Ringer solution for water that KCN merely brings 
about rupture of the margin of the body in Planaria through swelling of 
the granules in the ducts of the marginal mucus glands and that death 
and disintegration .result from the exposure of the internal tissues to the 
hypotonic water. In the Ringer solution of KCN cytolysis does not occur 
as it does in water. When we recall that KCN is a powerful inhibitor 
of most physiological oxidations and that in a concentration of m/2000 in 
water it decreases oxygen consumption in Planaria 80 to 90 per cent 
(Hyman, 1919 a it is rather difficult to believe that water and not KCN 
is the cause of death and disintegration of Planaria in an aqueous solution 
of KCN in concentration of m/1000. Wilson believes that neither alkalinity 
nor effectiveness of the KCN are altered in his Ringer-KCN solution, but 
he does not give the pH of the solution nor state whether it is buffered. 
In his attempt to show that there is no anteroposterior gradient in Planaria , 
Wilson fails to mention the fact that in neutral cyanide and in various 
other agents disintegration of the lateral margins does not occur much or 
any earlier than that of the median region and may even occur later than 
median disintegration. In such agents disintegration progresses directly 
posteriorly from the head over the length of the anterior zooid and usually 
(ilso over the second zooid, as described above (p. 323. Figs. 3, 4; see also 
Buchanan, 1930, Child, 1930) so that the last part to disintegrate is not 
the pharyngeal region but a level considerably posterior to it. Such a 
course of distintegration cannot possibly be interpreted as progressing from 
the lateral margins to the median region. In many other fresh water 
animals which do not possess the marginal structures found in Planaria 
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cytolysis occurs in aqueous solutions of KCN with apicobasal or antero¬ 
posterior gradient over at least a considerable part of the body. This is 
the case, for example, in Paramecium and Hydra (Child and Deviney, 
1925; Child and Hyman, 1919), Stenostomum (Child, 1924, p. 81, Fig* 
42) and various oligochetes (Hyman, 1916). Moreover, similar gradients 
have been observed with KCN as agent in eggs, blastulae, planulae, larvae 
and later stages of various marine forms and these forms not only lack 
any such structural differentiation as the margins of the planarian body, 
but they live in a balanced salt solution, that is, in sea water. More 
conclusive evidence than Wilson has given is necessary to show that the 
action of KCN on Planaria differs from that on all these forms. 

SUSCEPTIBILITY TO DISTILLED WATER 

The Japanese species is much less susceptible to distilled water than 
P. dorotocephala and in this respect resembles P. maculata (Child, 1930), 
but its susceptibility, like that of the other species depends on the number 
and size of individuals in relation to the volume of distilled water (Bucha¬ 
nan, 1930, Child, 1930). Apparently the animals giva off sufficient salts 
to condition the water and if the volume of water is not too large or the 
volume of animals too small and if the water is not changed, they may 
live indefinitely. The ability of P. gonocephala to live in distilled water 
is shown by the following data. 

I A. 5 animals 15mm. in length in 500ec. distilled water with IB 
(see below). Distilled water changed on 4th., 5th., 13th. and 15th. days. 
After 22 days three individuals alive, two intact, one without head but 
healing has occurred. At this time two individuals, one intact, one headless, 
were cut into six pieces each and returned to tap water in which they 
underwent reconstitution, all except one piece giving rise to normal animals. 
The other individual remained in 500 ec. distilled water which was changed 
every three or four days. After 42 days the head had disintegrated but 
the anterior end had healed. After 50 days it was still in the same 
condition, but after a further interval of three weeks without observation 
or change of water was dead. 

IB. 5 animals 7-8mm. in length, together with I A in 500cc. distilled 
water. Water changed as in I A. After 5 days two alive; after 13 days 
all dead. 

II A. 5 animals 16-18 mm. in length in 50 cc. distilled water. Water 
changed on 3rd., 4th., 12th., 17th. days. After 20 dnvs all intact. Obser¬ 
vation not continued. 
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IIB. 5 animals 7-8 mm. in length in 50 cc. distilled water. Water 
changed as in II A. After 20 days four intact. Observation not continued. 

Although experiments II A and II B were not carried to conclusion it 
is evident that these lots in 50 cc. of distilled water are less susceptible 
than those in 500 cc. in spite of the repeated change of water. It is also 
evident that small, physiologically young animals (I B, IIB) are more 
susceptible to distilled water than the large old individuals. By way of 
comparison with P. gonocephala it may be noted that when a lot of ten 
individuals of P. dorotocephala 18-20 mm. in length is placed in 500 cc. 
distilled water all die within 24-48 hours without change of water and 
small animals 7-8 mm. in length die in half or less than half this time. 
Of ten animals 18-20 mm. in length in 50 cc. distilled water some die 
within 4-5 days and some may live longer, perhaps indefinitely if the 
water is not changed and if disintegrating individuals do not foul it. If 
the water is changed every third or fourth day the animals die within 
a week or ten days. Ten animals 7-8 mm. in length in 50 cc. distilled 
water usually all die in 2-3 days without change of water, but often the 
earlier death and .disintegration of some will prolong the lives of others, 
presumably by setting free small amounts of salts. 

‘These are characteristic results at temperatures near 20°C. The survival 
times differ somewhat with nutritive condition and with pH of the distilled 
water but the relations between susceptibility and size and number of 
animals and volume of water remain the same. It is evident that P. 
gonoccphala is much less susceptible to distilled water than P. dorotocephala . 
Some individuals of the Japanese species are able to live for long periods, 
perhaps indefinitely in distilled water, even with frequent change of water, 
while under such conditions P. dorotocephala always dies within a few days 
at most. A few experiments with P. maculata (Child, 1930) show that 
this species is also less susceptible to distilled water than P. dorotocephala , 
but apparently somewhat more susceptible than the Japanese species. 

These differences in susceptibility to distilled water appear to be asso¬ 
ciated with differences in the salt content of the waters in which the 
animals occur. Up to the present time P. dorotocephala has been found 
only in the waters of springs with a relatively high calcium content while 
P. maculata and the Japanese P. gonocephala are found in streams and 
ponds in which the calcium content may be low. Both of these species, 
however, will live in waters with a wide range of salt content while P. 
dorotocephala is apparently adjusted to a higher ratio of calcium to potas¬ 
sium (Murray, 1928). 
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The disintegration gradient of P. gonocephala in distilled water is 
essentially similar to that in slightly alkaline, neutral or slightly acid KCN 
and various other solutions near neutrality (Figs. 3-5; see p. 322 above) 
and to that of P, dorotocephala and P. maculata in distilled water (Bucha¬ 
nan, 1930, p. 311 ; Child, 1930, p. 118), that is, the whole posterior 
zooid region except the extreme posterior tip of the body (Fig. 4), or in 
some individuals only the anterior half of this region (Fig. 5), is less 
susceptible than levels immediately anterior to it. Disintegration begins 
at the head and usually somewhat later at the posterior tip of the body 
and progresses posteriorly from the head to the posterior tip or to the 
middle of the posterior zooid region. Here, as in KCN near neutrality, 
when the posterior region consists of a single well defined zooid the dis¬ 
integration progresses posteriorly to the level of the posterior tip (Fig. 4) 
but when two zooids are present in the posterior region the more posterior 
of the two is the more susceptible (Fig. 5). The distilled water used in 
these experiments is slightly acid or neutral and of course cannot be made 
alkaline without addition of salts, that is, it can be used only as an ap¬ 
proximately neutral agent. 

SUSCEPTIBILITY IN RELATION TO SIZE OF INDIVIDUAL 

Small individuals of P. dorotocephala and P. maculata have a higher 
rate of respiration than large (Hyman, 1919 b, Robbins and Child, 1920, 
confirmed by others), that is, the small animals, whether they develop 
from eggs, fission pieces or pieces experimentally isolated, are physiologically 
younger than the large. Undoubtedly this is also true for P. gonocephala . 
In P. gonocephala , as in the other species, the smaller individuals are more 
susceptible than the larger to a certain range of killing concentrations. 
In large animals which have been heavily fed for some time the suscepti¬ 
bility of the gut to fat-soluble agents may be so great that it breaks 
through the body wall and brings about disintegration as early as, or earlier 
than in the small animals. This high susceptibility of the gut is apparently 
due to its high fat content as well as its functional condition, for after 
two weeks or more of starvation it has usually disappeared and the large 
animals are then less susceptible than the small, even in the fat-soluble 
agents. 

In a certain range of low concentrations the smaller animals are less 
susceptible and live longer than the larger. Fcr example, in chloretone 
i/Fi saturation individuals 6-7 mm. in length die earlier than individuals 
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16-18 mm. but in chloretone 1/20 saturation or less the small individuals “ 
in general live longer than the large. In concentrations of HC1 below a 
certain pH, which depends on size, physiological condition of animals and 
temperature, but is somewhere about pH 5, the smaller animals are more 
susceptible than the larger. With increase in pH we find that at a certain 
pH near pH 5 the small animals become less susceptible and live longer 
than the large or perhaps indefinitely in the acid solution. This reversal 
of the susceptibility difference in large and small animals has not been 
investigated further in P. gonocephala but in P. dorotocephala it has been 
observed with decrease in concentration or intensity in acids, ethyl alcohol, 
ethyl ether, to a slight degree in very low concentrations of KCN and in 
low temperature (mostly unpublished data), and incidental evidences of it 
have appeared in the use of other agents, but have not been further 
investigated. 

DIFFERENTIAL SUSCEPTIBILITY IN RECONSTITUTION IN 
LOW CONCENTRATION OF KCN 

The reconstitutional development of heads in relation to length of 
piece and level of body and the experimental modification of head frequency 
and other features of reconstitution will be considered in another paper, 
but attention must be briefly called at this time to certain points in 
reconstitution of pieces in water as a basis for comparison with the results 
of experiment. 

Pieces undergoing reconstitution in water show in the earlier stages a 
higher rate of growth of new tissue at the anterior than at the posterior end 
of the piece. At temperatures near 20°C. this difference is usually clearly 
distinguishable within forty-eight hours after section (Fig. 6) and becomes 
more distinct after three days (Fig. 7). As the new tissue increases in 
amount it also becomes evident that the rate of growth of both anterior 
and posterior new tissue differs according to the level of the body from 
which the piece was taken. In general the growth rate decreases from 
the anterior region posteriorly to the level of fission and in pieces from 
the posterior zooid region it increases again. Figure 8 shows the usual 
condition 5-6 days after section in a 1/6 piece from a level just posterior 
to the head and Figure 9 the condition at the same time in a similar 
piece from the posterior part of the anterior zooid, i. e., in or near the 
oral region. It will be observed that not only is the scale of organization 
of the head larger but development of the head, as indicated by the eyes, 
is farther advanced in Figure 8 than in Figure 9. At the posterior ends 
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Figs. 6-11. — Growth of anterior and posterior new tissue in reconstitution of 
1/6 pieces in water at room temperature. Fig. 6, 48 hours after section. Fig. 7, 3 
days after section. Fig. 8, anterior piece, 5 days. Fig. 9, piece from posterior region 
of first zooid, 5 days. Fig. 10, anterior piece, 8 days. Fig. 11, piece from posterior 
region of first zooid, 8 days. 

of the pieces the difference in growth rate is also distinct and in both 
the rate of growth of new tissue is evidently lower at the posterior than 
at the anterior ends. Figures 10 and 11 show the characteristic differences 
in pieces from anterior and posterior levels of the first zooid eight days 
after section. In the anterior piece (Fig. 10) the scale of organization of 
the head is larger and the amount of new tissue posterior to the level of 
the eyes is less and the amount of posterior new tissue is greater than 
in the posterior piece (Fig. 11). In the posterior zooid region the scale 
of organization of the head again becomes larger and the forms which 
develop resemble Figures 10 rather than Figure 11. At this stage, eight 
days after section the new tissue of the head has differentiated and ceased 
or almost ceased to grow, but growth of the posterior new tissue continues, 
though more slowly than earlier, until the posterior outgrowth may often 
become larger than the anterior. 

In pieces below one eighth to one tenth of the total body length from 
the more posterior levels of the first zooid development of a head is some¬ 
times inhibited by physiological conditions originating at the posterior cut 
end of the piece. These case and the factors concerned will he considered 
elsewhere. At present it need only be noted that in pieces in which the 
head is completely inhibited the growth rate of the posterior new tissue 
may be more rapid than in pieces which develop a head, apparently 
because in the absence of the head the posterior region develops as a 
new zooid and fission often takes place a week or two after section. 
But in pieces which give rise to complete normal individuals the higher 
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growth rate of the anterior end is characteristic of P. gonocephala and 
present but less marked in P. dorotocephala. This difference in growth 
rate indicates the presence of a physiological gradient which determines 
growth rate and which corresponds to the longitudinal susceptibility gradient 
in the body of the animal. 

When reconstitution takes place in low, non-lethal concentrations of 
KCN (m/100000-m/4(MK)00) and of various other inhibiting agents certain 
modifications of the growth rate occur which are of considerable interest 
physiologically. The data of four series of such experiments are given. 

Scries 40. Ten animals 10-12 mm. in length from a single stock were 
cut into 1/6 pieces (A-F,- Fig. 12). Each lot of ten pieces representing 
approximately a particular body level underwent reconstitution in a closed^ 
Erlenmeyer flask in KCN m/100000, pH 7.8, the flask being filled with 
the solution except for an air space of 10-15 mm. depth below the stopper. 
The solution was renewed every 3-4 days from freshly prepared KCN 
solution and the flasks were kept at room temperature. 

Series 57. Ten animals 16-18 mm. in length cut into 1/6 pieces and 
each lot of 10 pieces together in KCN m/100000, pH 7.8 as in Series 
40 and under similar conditions. 

Series 41. Five animals 10-12 mm. in length cut into 1/6 pieces. 
All pieces together without distinction of body level in KCN m/200000, 
pH 7.6 under same conditions as preceding series. 

Series 42. Similar to Series 41 except that in KCN m/400000, pH 
7.6. Kept under same conditions as preceding series. 

The numerical data of these series are given below in Tables II and 
III but before turning to these the most important results must be described. 
In Series 40 there is no appreciable growth of new tissue during the first 
10-12 days in KCN but after 16 days more or less new tissue is present 
at the anterior end while growth at the posterior end is almost completely 
inhibited. In more than half the pieces the difference in amount of anterior 
and posterior outgrowth is distinctly greater (Fig. 13) than in controls in 
water (Figs. 6, 7) and even in pieces in which anterior growth is inhibited 
to a considerable extent posterior growth is still more completely inhibited 
(Fig. 14). 

After 31 days in KCN the difference between anterior and posterior 
new tissue has become even greater in two thirds of the pieces (Figs. 
15-17), but in some pieces from the posterior region of the first zooid 
anterior growth is more inhibited than in the pieces from more anterior 
levels so that in these posterior pieces the difference between anterior and 
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Figs. 12 21. — Reconstitution in KCN m/100000. Fig. 12, diagrammatic outline 
indicating approximate levels of 1/6 pieces, A F. Figs. 13 21, growth of anterior and 
posterior new tissue in 1/6 pieces in KCN m/100000 (Series 40, 57). Figs. 13 and 
14, 16 days after section. Figs. 15-21, 31 days after section. 


posterior outgrowth is less or absent (Figs. 18, 19). 

In Series 57 from somewhat larger animals also in KCN m/100000 
pieces from the anterior region and the posterior zooid, more than half 
the total number of pieces, show after 31 days in KCN, like Series 10, 
a relative increase of anterior over posterior outgrowth (Figs. 15-18) as 
compared with controls in water. But in pieces from the posterior levels 
of the first zooid there is in most cases little anterior outgrowth and the 
posterior outgrowth is equal to, or larger than the anterior (Figs. 20, 21). 
Consideration of the probable significance of these cases is postponed until 
the other data have been presented. 

In Series 41 in which the 1/6 pieces from different levels were all 
together in KCN m/200000 for 31 days two thirds of the pieces show 
greater anterior than posterior outgrowth and the difference is greater 
than in Series 40 and 57, that is, the anterior outgrowth is on the average 
larger than in the higher concentration of KCN while the posterior out¬ 
growth is still to a large extent inhibited (Figs. 22, 23). Moreover, there 
are no cases in this series in which the posterior outgrowth becomes larger 
than the anterior while the pieces remain in KCN. 

The pieces of Series 42 in KCN m/400000 without separation of 
different body levels develop much more rapidly than those in the higher 
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* Figs. 22 28. — Growth of new tissue in 1/6 pieces in KCN m/200000 and m/400000. 
Figs. 22 and 23, m/200000 16 days after section (Series 41). Figs. 24 28, m/400000 
lit 27 days after section. 

Figs. 29, 30. — Reversal of difference in susceptibility in killing concentrations of 
KCN after reconstitution in low concentration of KCN. The head, which is least 
susceptible in low concentrations is most susceptible in killing concentrations. 


concentrations. After 13 days in KCN almost 90 per cent show much 
larger anterior than posterior outgrowth and some have already developed 
eyes (Figs. 24, 26). About ten per cent show a condition like Figure 27 
and in a single piece the posterior outgrowth is larger than the anterior 
(Fig. 28). After 17 days in KCN the; pares were returned to water and 
after 24 hours in water those which had developed heads were tested as 
regards their susceptibility to killing concentrations of KCN (m/10000 and 
higher). In every one of ten pieces in KCN m/10000 the head was the 
most susceptible region of the individual and disintegrated while the rest 
of the piece was intact and living (Figs. 29, 30). In some pieces the 
posterior new tissue disintegrated earlier, in some later than the old tissue. 
In other killing concentrations the head was always the rpost susceptible 
region. Pieces of the other series which were removed to water after 31 
days in KCN and which developed heads during the next eight days gave 
the same result in killing concentrations. 

It appears then from these experiments, first, that the anterior new 
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tissue is in general less susceptible to the low concentrations of KCN 
(m/100000~m/400000) than the posterior new tissue; second, that this 
difference in susceptibility between anterior and posterior new tissue in¬ 
creases with decrease in concentration within the range of concentrations 
used; third, to higher gradually lethal concentrations the anterior new 
tissue is always the most susceptible region of the animal. In other 


Table II. 

Reconstitution of 1/6 pieces in KCN and of controls in water . 
Different levels of body separated . 


Series 

Number 

of 

animals 

Length 

Medium 

Days 

after 

section 

Condition 

Body levels 

in mm. 

A 

B 

c 

D 

E 

F 




KCN 

16 

living 

8 

8 

10 

10 

10 

9 




m/100000 

anterior 

larger 

8 

2 

o 

4 

10 

— 




KCN 

31 

living 

6 

« 

0 

fl 

9 

6 

40 

10 

10 12 

m/100000 

anterior 

larger 

4 

.*» 

2 

4 

9 

m 



living 

4 

6 

6 

6 

5 

r, 




water 

39 

normal 

4 

— 

1 

o 

5 

6 




8 days 

inhibited 

— 

1 

1 

1 

— 

— 


i 




acephalic 

5 

4 

o 

— 


— 




KCN 

31 

living 

10 

8 

10 

10 

9 

9 




m/100000 

anterior 

larger 

10 

8 

- 

o 

5 

— 

57 

10 

16 18 



living 

10 

8 

10 

10 

9 

9 

water 

.39 

normal 

1 


— 

4 

5 

3 




8 days 

inhibited 

9 

— 


8 

4 

r» 






acephalic 

— 

8 

10 

3 


— 






living 

10 

10 

10 

10 

10 

10 






anterior 

larger 

10 

10 

10 

10 

10 

- 

Control 

10 

16 18 

water 


living 

10 

10 

10 

10 

10 

10 





12 

normal 

10 

9 

9 

10 

10 

10 






inhibited 

1 ~ 

1 

1 

— 

- 

— 
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words, the developing head, which is less susceptible to low concentrations 
which retard or inhibit growth is more susceptible to higher concentrations 
which gradually kill than the posterior new tissue or the old tissue. 

Table II gives the numerical data of Series 40, 57 and a control in 
water. The first five columns of the table need no explanation. The sixth 
column headed, 44 Condition ” gives the different conditions of the pieces 
distinguished for present purposes. The line headed, 44 anterior larger ” 
gives the numbers of pieces in which the anterior new tissue shows a 
distinctly larger outgrowth than the posterior at the time of record. The 
terms, 44 normal,” “ inhibited,” 44 acephalic,” in the sixth column distinguish 
the types of head finally reconstituted. The normal heads are heads of 
normal form with two symmetrically localized eyes of equal or approximately 
equal size and two cephalic lobes lateral to the eyes. The inhibited heads 
include all other forms of heads. These show various degrees of inhibited 
development of the median head region and are very similar to the in¬ 
hibited head forms in P. dorocephala described as teratophthalmic, terato- 
morphic and anophthalmic (see, for example, Child, 1921). The acephalic 
forms are those in which there is no growth of new tissue at the anterior 
encPbeyond the filling in of the greatly contracted cut surface. The columns 
A-F under the column heading 44 Body levels ” give the numbers of pieces 
at each level showing the conditions described in the sixth column. 

In both experimental series of Table II the number of pieces in which 
the anterior outgrowth becomes larger than the posterior in KCN decreases 
from the anterior to the posterior region of the first zooid (pieces A, B, 
C) and increases again in the posterior zooid region (D and E pieces). 
The F pieces have no posterior cut surface. As regards the final condition 
at 39 days, after 8 days in water, both series show similar regional dif¬ 
ferences. Hoad development is least inhibited in the anterior region (A 
pieces) and the posterior zooid region (D, E, F). Evidently the degree 
of head development at different levels varies in the same way as the 
development of larger anterior outgrowth in KCN. The control series of 
Table II gives the usual result for 1/6 pieces in water. The anterior 
outgrowth is larger in all and all except one each in the B and C pieces 
give rise to normal heads. Little •variation from this result occurs. In 
some series all heads are normal, in some two or three B and C pieces 
may show a slight degree of teratophthalmia: deaths occur rarely. But 
even though all heads may be normal in such series the rate of head 
development and size of head decrease from A to B and C pieces (Figs. 
8-11) and usually show some increase in D and more in E and F. These 
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differences are characteristic during the first five to eight days of reconsti¬ 
tution but later, as the heads which develop more rapidly complete their 
growth those which develop more slowly may gradually attain the same 
size. Evidently the differences in rate of head development and size of 
head during the earlier stages of reconstitution parallel the non-specific 
differences in susceptibility to killing concentrations of agents. In view of 
all the facts it is evident that the regions of the body which are least 
inhibited in the very low concentrations of KCN are in general the regions 
of most rapid growth and development in reconstitution which are most 
susceptible to killing concentrations. 

As regards the character of the anterior end which develops at different 
levels of the body, both experimental series of Table II show that head 
development is most inhibited in the B and C pieces, that is, at the more 
posterior levels of the first zooid which are the least susceptible regions 
in killing concentrations of KCN. In Series 40 most, and in Series 57 
all of the B and C pieces are acephalic. These pieces show in general 
a higher growth rate and larger size of the posterior outgrowth than 
pieces which develop heads. When head development is completely in¬ 
hibited in water pieces also show this higher growth rate and larger size 
of posterior outgrowth. In P. dorotocephala the posterior half, more or 
less, of the acephalic form represents a new zooid which arises in con¬ 
sequence of the absence of a head and grows more rapidly than a posterior 
end which is not a zooid. These acephalic forms often undergo fission 
even though only 2-3 mm. in length (Child, 1911, p. 227). When a head 
is present fission never occurs in animals as short as this. Evidently the 
same conditions exist in the acephalic forms of P . gonocephala for short 
acephalic forms of this species also undergo fission. The point of chief 
interest at present, however, is that in such pieces the posterior outgrowth 
which has a higher growth rate than the anterior in water is less inhibited 
than the anterior outgrowth in the low concentrations of KCN. 

And finally it may be noted that in Series 40 of Table II a total of 
67 per cent of the living pieces develops heads and 54 per cent are 
normal, that is, fully developed heads, while in Series 57 61 per cent 

develop heads but only 23 per cent are normal. The animals of Series 
57 are larger and physiologically older and undoubtedly have a lower 
respiratory rate than those of Series 40 (Hyman, 1919 c, Robbins and 
Child, 1920) and are less susceptible in killing concentrations. In short, 
the same reversal of susceptibility differences appears between individuals 
of different physiological age as between different regions of the body. 
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The individuals which are most susceptible to killing concentrations are 
least inhibited in reconstitution in the very low concentrations and vice 
versa. 

Table III. 

Reconstitution of 1/6 pieces in KCN. Different levels of body 
not separated . Posterior piece (F\ Fig. 12) discarded . Five pieces , 
A-E from each of five animals 10 12 mm. in length in each series. 


Scries 

Number 
of pieces 

Medium 

Days after 
section 

Condition 

Numbers 

Per cents 
of living 



KCN 

31 

! 

living 

OO 

4J4J 




in/200000 

anterior 

larger 

15 

68 

41 

23 

1 

water 

8 days 

.49 

living 

normal 

inhibited 

19 

10 

4 

52.6 

21 




1 

accpbalic 

5 

20..4 



KCN 

m/400000 

1.4 

living 

anterior 

larger 

25 

22 

88 

42 

25 



living 

21 


KCN 

Id 27 

normal 

1.4 

02 



m/400000 

inhibited 

7 

ii.4 





accpbalic 

1 

5 


'Fable III differs slightly in form from Table II because the pieces 
from different body levels are not separated, also the numbers of pieces 
showing the different conditions are given in the last column as per cents 
of the number of living pieces at the time of record. In Series 41 in 
KCN m/200000 the anterior outgrowth is larger than the posterior in 15 
of 22 living pieces, 68 per cent and in Series 42 in KCN m/400000 in 
22 of 25 living, 88 per cent. Moreover, as was shown above (p. 333), in 
both these series the anterior outgrowth is not only larger than the posterior 
but relatively larger than in water and the difference in relative size is 
greater in the lower concentration of KCN (Figs. 22, 23, Series 41; Figs. 
24-26, Series 42; Figs. 8, 9, water). It was also shown that this anterior 
outgrowth is more susceptible and dies earlier in the high, killing con- 
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centrations of KCN. As regards character of the anterior end Table III 
gives only totals of normals, inhibited and acephalic but in the lower 
concentration these show, as might be expected a larger total number of 
heads (13 + 7, 95 per cent of living) and a larger number of normal heads 
(13, 62 per cent of living) than in the higher concentration (total heads, 
14, 73 per cent of living; normals 10, 52.6 per cent of living. In Series 
42 the whole development of the heads took place in KCN in 16-27 days 
but in Series 41 and in Series 40 and 57 of Table II the pieces were 
removed to water after 31 days. 

DISCUSSION 

Fission. The occurrence of fission at a definite level or at two definite 
levels in many large animals, the differential susceptibility, both in killing 
concentrations and in low concentration of KCN, as shown in the develop¬ 
ment of anterior new tissue in pieces and in the differentiation of the head 
all argee in indicating that the posterior region of P. wmocej>hala, like 
that of P. dorotocephala (Child, 1910, 1911, 1913 a) is physiologically 
marked off from more anterior regions as one or more developing zooids, 
although the morphological, delimitation is not evident. With slight stimula¬ 
tion independent contraction of a posterior zooid may often be observed. 
The posterior zooid apparently originates in consequence of a certain degree 
of physiological isolation in the posterior region of the body which in turn 
is correlated with the rate of growth in length. The chief factor in the 
physiological isolation is probably the nervous system. As growth in length 
of the body takes place the longitudinal nerve cords must undergo dif¬ 
ferentiation of new parts and such development extends the range of the 
dominance of the head. Apparently, however, the differentitation and 
functional development of the nervous system may not keep pact* with 
the growth in length of the body and some degree of physiological isolation 
may occur in the posterior region since that is the region in which growth 
in length is most rapid. In a region so isolated physiologically some 
degree of reorganization of the nervous system must occur resembling that 
which takes place in a physically isolated piece, though in Planaria it does 
not proceed very far until separation takes place. The rate of development 
of the posterior zooid and the length at which fission occurs depend on 
the degree of isolation. When growth in length is rapid the length attained 
before fission is in general less than when growth is slow. After the 
animals attain a certain size growth in length is almost entirely confined 
to the posterior zooid region and as this elongates a second posterior zooid 
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may arise through the physiological isolation of another region posterior 
to the first isolation. The head region of the first posterior zooid is very 
little developed and its range of dominance is short, consequently the second 
posterior zooid and the second fission plane develop at only a short distance 
posterior to the first. After this second posterior zooid is delimited fission 
may occur at either of the two fission planes, though it more commonly 
takes place at the anterior of the two. 

The region of the fission plane is probably a region of physical weakness 
because of the varying conditions to which it is subjected. As one moment, 
for example, it may be more or less subordinate to the head of the animal, 
at another it may be influenced by the zooid posterior to it. It must, 
therefore, approach to some exent the condition of an indifferent zone 
between the two zooids. 

The writer has not observed the act of fission in the Japanese planarian 
but it has often been seen in P. dorotocephala. There* it is initiated by a 
motor reaction of the posterior zooid independent of anterior regions. The 
posterior zooid attaches to the substratum while the anterior part of the 
body attempts to continue forward movement, with the result that the 
region just anterior to the attached zooid becomes elongated and finally 
ruptures. In acephalic forms fission may occur without forward locomotion 
by the contraction longitudinally in opposite directions of the posterior 
zooid and the anterior headless part. Undoubtedly the act of fission in 
the Japanese species is essentially similar to that described. 

The increase in the frequency of fission following removal of the head 
of the animal evidently results from a decrease in dominance over the 
posterior zooid region. In consequence of this decreased control a greater 
degree of physiological isolation exists in the posterior zooid region and 
as locomotor activity increases with the development of the new head 
fission is likely to occur, but if it does not occur before the head attains a 
certain stage it usually does not occur unless the head is again removed 
or its activity decreased, or unless the animal is fed and increases in length. 
There is every reason to believe that the changes which induce fission 
following removal of the head are primarily changes in the nervous system. 
When the cephalic ganglia and the chief sense organs are removed the 
nervous stimuli which reach the posterior zooid region from the anterior 
end undoubtedly become less frequent or less intense or both. Under 
these conditions reorganization in the posterior zooid must progress more 
rapidly and it becomes more independent and the probability of fission is 
increased. How much reorganization of the postcephalic nerve cords is 
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brought about by development of new cephalic ganglia after removal of 
the original ganglia is not known, but within seven or eight days after 
removal of the head the dominance of the new head appears to be as 
complete as that of the original head. 

Differential Susceptibility. The data show that the regions of the body 
which are most susceptible and most rapidly killer! in the high concentrations 
of KCN are in general least inhibited in growth and development in low 
concentrations and vice versa. This holds not only for widely separated 
regions of the body but for anterior and posterior ends of single isolated 
pieces no more than one sixth of the total body length. It also holds 
for still shorter pieces but such pieces are not considered in the present 
paper. 

In so far as differences in physiological condition are quantitative and 
non-specific for different agents the individual or body region with a high 
metabolic rate and with protoplasmic conditions corresponding to that rate 
is more susceptible to concentrations above the limit of tolerance because 
the more rapidly the changes characteristic of life are proceeding the sooner 
is the point reached at which they are altered or inhibited by the action 
of the agent. On the other hand, if the agent can be oxidized, reduced 
or otherwise altered by the living protoplasm so that it becomes non-toxic 
or less toxic, it is to be expected that the individual or region of the? 
body with the higher rate of metabolism will dispose of the agent more 
rapidly than the less active individual or region. This more rapid disposal 
of the agent, probably by oxidation iu the case of KCN, or the more 
rapid compensation of the changes brought about by it, must be the 
physiological basis of the lesser degree of inhibition of the anterior out¬ 
growth of new tissue in the isolated pieces of P . gonocephala in the low 
concentrations of KCN. That this lower susceptibility is not specifically 
characteristic of anterior new tissue is indicated by those pieces of Series 
57 from the more posterior levels of the first zooid (Table II, Series 57, 
B and C) in which the posterior outgrowth has a higher growth rate 
because of inhibition of head development and is less inhibited by KCN 
than in other pieces (p. 336). 

If acclimation or acquirement of increased tolerance to an agent in 
low concentration or dosage occurs, it is to be expected that the physio¬ 
logically more active individual or region will acclimate more rapidly or 
to a greater extent than the less active. Whether the anterior outgrowths 
of the isolated pieces actually underwent acclimation in the KCN experi¬ 
ments cannot be determind with certainty, but the exaggeration of the 
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difference between anterior and posterior growth rate as compared with 
pieces in water, particularly in Series 42 in KCN m/400000 and the 
differentiation of heads with eyes in the KCN with almost complete in¬ 
hibition of posterior growth (Figs. 24-26) make it probable that some 
degree of acclimation has occurred in the anterior new tissue. Similarly, 
the fact that in many pieces of Series 40 and 57 there is almost no growth 
of new tissue during the first two weeks in KCN, but a considerable 
growth at the anterior end during the second two weeks indicates that 
some degree of acclimation may have occurred. But whether or not 
acclimation occurs in any of the experiments the experimental data demon¬ 
strating a reversal of differential susceptibility in different ranges of con¬ 
centration of KCN are important in two ways. First, as regards the 
physiological basis of the differences in susceptibility and their reversal, 
the only possible conclusion seems to be that they depend on quantitative, 
rather than qualitative or specific differences in physiological condition. 
Second, they demonstrate the necessity of determining the effects of widely 
different ranges of concentration or dosage in investigating the action of 
external agents on living protoplasm. 

Reversal of differential susceptibility has been observed in P. doroto - 
cephala in KCN, alcohol, ether acid and certain ranges of low temperature 
(Child, 1912, 1913, 1914 a and unpublished data). In both species such 
reversal may appear between large and small individuals, between different 
body-levels of the same individual or between anterior and posterior ends 
of isolated pieces. 

SUMMARY 

t. The Japanese planarian known as Planaria gtmocej)hala resembles 
P. dorotocephala and P. maculata in the physiological demarcation of the 
posterior region of the body of larger animals as one or more zooids 
which result from a partial physiological isolation of this region. 

2. In the larger animals in which more than one posterior zooid may 
be present fission usually separates the whole posterior zooid region from 
the anterior zooid but occasionally fission occurs between the second and 
third zooid. 

3. Fission occurs more frequently in individuals of a given length 
when growth has been rapid than when it has been slow. As a possible 
basis for this difference it is suggested that when growth in length is 
rapid, differentiation of the nervous system and the extension of dominance 
associated with it may not keep pace with the increase in length. 
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4. Removal of the head increases the frequency of fission in large 
animals and often induces fission in small animals of lengths which very 
rarely or never uhdergo fission when intact and in normal environment. 

5. The presence of two zooids in the posterior fission pieces of large 
animals is indicated by the fact that they often undergo a second fission 
within a few days after the first fission which separated them from anterior 
body-regions. If such fission does not occur before the new head attains 
a certain stage it may often he induced by removal of this head. 

6. Differential susceptibility to concentrations of the various agents 
used which kill gradually is in general similar to that in P. dorotocephala . 
In the anterior zooid the susceptibility of the body surface and body wall 
and probably the parenchyma and nervous system decreases from the 
anterior end posteriorly to the level of fission. 

7. The posterior zooid region is apparently somewhat more susceptible 
to the stimulating action of alkaline and the depressing action of acid 
agents and may also show a slightly greater tolerance* for the lower killing 
concentrations. Because of these characteristics its relative susceptibility 
varies somewhat and may he either higher or lower than that of the 
posterior parts of the anterior zooid. 

8. The extreme posterior tip of the body is a region of high sus¬ 
ceptibility to killing concentrations, probably because it is a region of 
growth in length, hut functional activity may contribute to this high sus¬ 
ceptibility. 

9. The differences in susceptibility between lateral and median and 
between dorsal and ventral surfaces show some degree of specificity for 
particular agents which is evidently a result of their differentiation in 
different directions. 

10. In slightly acid distilled water the susceptibility gradients are 

similar to those in other slightly acid agents. Survival time in distilled 
water varies directly with number of individuals and inversely with volume 
of water. Death of some individuals in distilled water usually prolongs 
the lives of others if the water is not changed. Some individuals live for 
at least six weeks in distilled water with frequent change of water. 

11. In isolated pieces in water the; growth rate* of now tissue* is in 

general higher at the anterior than at the* posterior end of the piece. 

12. In isolated pieces kept continuously in very le>w concentrations 

which do not entirely inhibit growth of new tissue at the cut ends 
(m/100000-m/400000) growth at the anterior end less inhibited than 
at the posterior end. In the lowest concentration usexj (m/400000) normal 
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heads may develop in the solution while growth at the posterior ends of 
the same pieces is almost completely inhibited. 

13. The fact that in KCN m/100000 during the first two weeks all 
growth of new tissue is almost completely inhibited while during the next 
two weeks considerable growth occurs at the anterior end but posterior 
growth is still to a large extent inhibited suggests that some degree of 
acclimation takes place at the anterior end. The fact that the difference 
in growth rate and size between anterior and posterior new tissue is greatly 
increased in the low concentrations of KCN also indicates the occurrence 
of some degree of acclimation at the anterior end. 

When the pieces which have developed in low concentrations of KCN 
are placed in killing concentrations the anterior ends, which were the 
least susceptible regions in the low concentrations are the most susceptible 
in the high concentrations. 

15. The differential susceptibility to gradually killing concentrations of 
agents which is characteristic of the anteroposterior axis of intact animals, 
the difference in growth rate of anterior and posterior new tissue out¬ 
growths in isolated pieces in water and during reconstitution in low con¬ 
centrations of KCN and the reversal of the difference in susceptibility 
of these outgrowths in low and high concentrations all agree in indication 
the existence of a quantitative gradient in physiological condition in the 
longitudinal axis. 
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THE AGE AND GROWTH OF THE LIMPET 
(ACMAEA DORSUOSA Gould).*) 

By 
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The present paper deals with the growth of Acrnaea dorsuosa , Gould, 
chiefly from an ecological standpoint, which has been observed since 1930 
at the Asamushi Marine Biological Station. 

During the course of my studies 1 have been kindly guided by IVof. 
Dr. S. Hatai, to whom I here wish to express my sincere thanks. 

1. MATERIAL. 

1 have attempted to colled all the colony forming individuals from 
each given spot. Acrnaea dorsuosa colonizes in the spring and slimmer 
and breaks up during the autumn and winter seasons as 1 have already 
reported (\‘}1). Since they do not migrate more* than five to six metres 
after breaking up of the colony, it will be safe to assume that all the 
individuals that participated in forming the original colony are exposed to 
the same environmental conditions every year. 

On the growth of Patella vulgata , Orton (’28) stated that the shell- 
shape or (1.4 B)/2 H varies according to their habitats, and consequently, 
1 also have noticed similar changes with Acrnaea. 

Nomura (’2b) noticed the influence* of coastal waves on the growth 
of Littorina sitchatia, Phil, but I have noticed no such influence with 
Acrnaea , since, unlike the former the latter inhabits places where the coastal 
waves tire non-effective. 

Favorite localities where the limpets are abundantly found are the 
islands Ohshima, Mourajima and Yunoshima which are about 12.b Kilo¬ 
metres, 3.2 Kilo-metres to the north and one Kilo-metre to the* south-west 
from the Station. 

Fortunately, Acrnaea is not used as food and thus they live undisturbed 
and grow under very natural circumstances. 
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II. METHOD. 

For the study of growth the following three methods were used. 

1. Direct observation. Several stationary colonies in natural habitats 
were chosen and the individuals there were measured occasionally. This 
method was applied by Orton for Cardium edule (’26), Ostrea edulis 
(’28) and Patella vulgata (’28), while Outsell (’30) used the same method 
for Pecten irradians. 

2. Annual ring method . This method was chiefly used in determining 
the age of Acmaea dorsuosa , which shell shows the annual rings clearly. 
This annual ring method has been employed by various investigators for 
various other molluscs, for instances; Ckozier (’14, ’18) for Chiton tuber * 
culatusy Weymouth (’23) for Tivela stullorum , Weymouth, McMillin 
and Holmes (’25) for Siliqua patula (Dixon), Weymouth and McMillin 
(’30) again for Siliqua patula (Dixon), Weymouth and Thompson (’30) 
for Cardium cor bis % Mastyn. 

Ages of fresh-water mussels were also determined by this method. 
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Fig. 1. Annual rings of Acmaea tiorsuosa. 

No. 2, 3, 4, 5 and 6 represent the ring numbers. 

A.the limpets found on the wet place of Mourajimu. 

B.the limpets found on the drier place of Mourajima. 

C. ... the limpets found on the drier place of Oh«»hima. 
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Among those, are the observations by Chamberlain (’30) for the growth 
of Lampsilis anodontoides (Lea) and iMmpsilis siliquoidea. 

3. Shell measurements . Since the animals under normal circumstances 
grow in proportion with age, the age of the shellfish can be* indirectly 
estimated from the shell-measurements. This method was used by Nomura 
(’26, ’28) for Littorina littorea , L., Littorina sitchana , Phil, Sphaerium 
heterodonta , Pils, Limnea japonica , Jay, Viviparus japanica var . iwakawai , 
Pils, Tapes philippinarum , Ads. and Rve, Cythera (Meretrix) meretrix , 
L. Makiyama (’30) measured the shell-dimensions of Glycymeris yessoensis 
Ohue (’31) of Thiala liberata , Gould, Takano (’32) of Nassarius hispidus , 
Adams, Umbonium giganteum , Lessen, Pythia striata , Reeve, Monodonta 
labio , L, and Nerita plicata , L. 

Ac/noea dorsuosa exhibits the annual rings as are shown in Fig. 1. 
Whether or not the so-called “ annual ring ” represents the age as 1 
assumed, I followed the growth of the limpet at Iladakajinia, one of the 
islands near the Station, and also with some which were kept in the 
laboratory since last spring. It was actually noted that one ring is added 
in one year. But among the older limpets, age which was older than 7 
or 8 years in which the ring numbers are not very distinct were omitted 
from the data. 



1 

Fitf. 2. Method of measurement of Armaea <htrsuosa. 
1 -I * length, b- b -breadth, h--h — height. 


The length, breadth and height of the shell were determined in the 
manner as are shown in Fig. 2 by means of caliper which scales enable 
one to read accurately to the 20th of a milimetre. 


III. GROWTH. 

1. Shell-length (L) in relation to age . Acmaea dorsuosa having the 


same number of rings, show considerable variation in respect to their shell- 
lengths. The ranges of variability are shown in Fig. 8. 


shell-length in nun. 



hitf. il. Variability of shell-length in Acmaea having the same numbei of rin^s 
iMourajimu) 

If, however, the' mean value 1 of the shell-length in each ago is taken, 
wo obtain some continuous growth curve as is shown in Fig. 1, which is 
based on the data given in 'table 1. 

As shown in Fig. 1 the general form of the growth curve is similar 
as are most of the growth curves given by other animals; that is, the 
growth rate in the younger exceeds that of the older shells. 




AGE Aim GUGWTM OF umfkt 



Fig. 4. Shell-length in relation to age. (Ring number) 
o-o Ohshima 

• -• Mourajima (wet place) 

• -• Mourajima (drier place) 


Table I. Shell-length in relation to age. 


No. of 

Ohshima (drier place) 

Mourajima (drier place) 

Mourajima 

(wet place) 

rings, or 

No of 

Shell-length 

No. of 

Shell-length 

No. o i 

Shell-length 


individuals 

in mm. 

individuals 

in mm. 

individuals 

in mm. 

1 

0 


1 

5.8 

0 

_ 

2 

6 


4 

9.9 

3 


3 

109 


35 

12.6 

22 

19.2 

4 

103 

15.8 


13.8 

43 

20.8 

5 

44 

18.4 


16.0 

35 

24.5 

0 

37 

18.9 


16.8 

33 

25.9 

7 

13 

19.0 


18.0 

12 


8 

8 

19.3 

9 

18.0 

1 

27.4 

9 

13 

18.4 

23 

19.5 

o 

** 

27.7 

10 

26 

19.5 

9 

20.7 

2 

29.7 

11 

21 

18.8 

13 

20.1 

1 

25.3 

12 

1 

18.6 

1 

22.7 

0 

— 

13 

2 

18.3 

2 

22.1 

0 

— 

14 

0 

— 

1 

20.1 

1 

30.9 

15 

0 

— 

1 

24.0 

0 

— 


When the logarithmic values are plotted, we obtain the curves as are 
given in Fig. 5 in which the two phases of the growth rate are clearly 
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shown, one phase represented by the limpets younger than and the other 
phase by the older than about 6 or 7 years of age. 


Fig. 5. 



0.61_ i ! < i. i . i . ' i i ' i 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 


log. ring number. 

Logarithmic shell length. 

I. Mourajima (wet place) 

IK. Mourajima (drier plac ■) 

III. Ohshima. 


Since the difference between the ordinates on the two consecutive points 
in Fig. 1 corresponds to the differential of the growth curve, it will repre¬ 



age in years. 

Fig. 6. Th£ velocity (V) and the acceleration or absolute growth (A) of Acmaea 
dorsuosa. 

- --Ohshima 

- Mourajima (drier place) 

-Mourajima (wet place) 
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sent the growth rate with respect to the age (Fig. 6 V). Similarly the 
second differential of the growth rate will represent the acceleration of 
the growth as is shown in Fig. 6 A. 

From the above it becomes clear that, the limpet which inhabits a 
wet place has a faster growth rate than the one which inhabits a drier 
place. For example, the ratio of shell-length of the former to the latter 
is in average 1.52 (1.50-1.54) for individuals of 3 years old to 8 years 
old in favor of the limpets inhabiting a wet place (see Tabic' I). 

2. Shell-length and shell-breadth in relation to age . In the following 
the relation between the breadth and length, B/L, to age is given, * where 
L = shell-length and B—shell-breadth. The ratio of B/L is shown in Table 
II and in Fig. 7. 

From the above the values of B/L in the limpet are practically constant 
with the individuals older than 3 years, or even when all the age groups 

Table II. B/L in relation to age. 




Mourajima 



Ohshima 


Ring No. 











/ 




i 


or age 
in years 

No. 1 

No. 2 

1 No. 1 

No. 2 

No. 

| B/L 

j No. 

B/L 

{ No. 

| B/L 

No. 

B/L 

1 

1 

0.78 

j 0 


0 

1 

0 


« 

4 

0.79 

| •** 

0.82 

4 

| 0.77 

2 

0.79 

3 

35 

0.80 

! 19 

0.81 

85 

| 0.7s) 

24 

o.so 

4 

43 

0.80 

j 32 

0.83 

78 

0.79 

25 

0.80 

5 

79 

0.80 

29 

0.84 

33 

0.70 

11 

0.80 

c> 

71 

0.80 

-*.25 

0.84 

20 

0.79 

11 

0.79 

7 

20 

0.80 

12 

0.84 

11 

0.70 

o 

0.81 

8 

9 

0.80 

1 

0.87 

5 

0.78 

3 

0.80 

9 

23 

0.81 

o 

0.85 

1 12 

0.7S 

1 

0.81 

10 

9 

0.80 

1 

0.84 

1 24 

0.79 

o 

0.79 

11 

13 

0.82 

1 

0.83 

21 

0.70 

0 


12 

1 

0.84 

0 


3 

0.78 

0 


13 

o 

0.80 

1 0 

i 

o 

0.79 

0 


14 

0 

—- 

! l 

0.81 

0 


0 


15 

1 

0.70 

i o 


0 


0 



Mourajima, No. 1....drier place, the rock faces north-ward. 

No. 2.—wet place, the rock faces north-ward. 

Ohshima, No. 1... drier place, the rock fares west-ward. 

No. 2--- drier place, the rock faces south-west and differs about 20 
metres trom No. 1. 


* Prof. E. Nomura told me in private communication that the growth of Acmaea dorsuosa 
may be represented by the formula, a-kb x , where “a” represents shell-length and 
44 b” represents shell-breadth and “k” is the local n iH.mt and the shells collected 
from Yunoshima gave b~ 0.772 a 1 - 0 *. 
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B/L 



age in years. 

Fig. 7. B/L in relation to age 

o-o Mourajima (wet place) • - • Ohshima No. 1. 

•-• Mourajima (drier place) o-o Ohshima No. 2. 

are compared, it shows a fair degree 0 f constancy. It is, however, to be 
noted that within the specimens collected from the same locality, the 
younger limpets, less than two years, show lower values of B/L than that 
of the older one, or in other words, the shape of the younger Acmaea 
has a rounder shell margin than in the older one. 

Table III. Shell dimension, (L + B)/2H. 


Hirg No. 
or age in 


Ohshima 



Mourajima 


No. 1 

No. 2 

No. 3 (drier place) 

No. 4 (wet place) 

years 

No. 

L+B 

2 H 

No. 

L+B 

2 11 

No. 

L+B 

"sTT 

No. 

L+B 

2H 

1 

0 

— 

0 


1 

2.05 

0 

_ 

2 

4 

2.19 

o 

2.30 

4 

2.58 

3 

2.09 

3 

85 

2.34 

24 

2.24 

34 

2.50 

19 

2.52 

4 

77 

2.20 

25 

2.08 

42 

2.49 

30 

2.44 

5 

;i3 

2.21 

11 

1.94 

79 

2.30 

28 

2.29 

a 

27 


11 

1.85 

71 

2.21 


2.24 

7 

11 

1.88 

2 

1.83 

28 

2.10 

. fKVH 

2.22 

8 

5 

1.83 

3 

1.72 

9 

1.92 

■ 

2.11 

9 

13 

1.71 

1 

1.09 

23 

1.88 


1.96 

10 

23 

1.68 

o 

1.55 

9 

1.80 


2.05 

11 

21 


0 


13 

1.81 


1.54 

12 

1 

1.47 

0 

- - 

1 



— 

13 

1 

1.58 

0 

— 

o 

1.67 


— 

14 

0 

— 

0 


1 



1.65 

15 

0 


0 

— 

1 

1.57 

0 

- 
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And also the limpets which live on the drier place show lower values 
of B/L than those living in the wet place. 

3. Variations in shell-shape in relation to age . Dimension of shell- 
shape, (L-f*B)/2H, is given by Orton on Patella vulgata , where, L= 
shell-length, B = shell-breadth and H = shell-height. Since it is important 
and interesting from the ecological standpoint to study the variations in 
shell-shape, I have measured the values of (L 4- B)/2 H on Acmaea dorsttosa . 
The results are given in Table 111 and Fig. 8. 

From Fig. 8 it will be seen that the value of (L+H)/2 H is higher 
in the younger limpet than in the older one. And this progressive reduc¬ 
tion of the values with age is chiefly due to the greater growth in the 
shell-height. (It was already stated that B/L is practically constant and 
if B/L=k, then (L+B)/2 H-L(l + k)/2 H, and therefore the shell-height 
is chiefly responsible to the variations of shell-shape due to age.) 

(L+B) 

2 H 



age in years 

Fig. 8. (L + B)/2H in relation to age. 

1... .Ohshima No. 1 III Mourajima (.drier place) 

II-Ohshima No. 2 IV-Mourajima (wet place) 

As shown in Fig. 8, the values of (Ld B)/2 H obtained from the in¬ 
dividuals collected from Mourajima are higher than those collected from 
Ohshima, and it follows then that the limpets living on Ohshima possess 
shell which height is comparatively higher than those on Mourajima* 
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However, when the limpets collected at the wet place are compared 
with those collected at a drier place the former exceeds that of the later, 
though the shell-heights are practically the same in both specimens. Conse¬ 
quently it follows that the limpet on the wet place is relatively lower in 
its shell-height than the limpet on the drier place with respect to given 
shell-length as Orton already noted in Patella vulgata . 

When the values log (L + B)/2 H are plotted on the corresponding 
logarithmic values of the ring number, we obtain the relation shown in 
Fig. 9, which shows that in the limpets younger than 4 years of age, the 
growth rate of shell-height is higher with the individuals on Ohshima than 
that of Mourajima, and after the age of 4 years, the growth rate of shell- 
height becomes about the same in the both specimens. 



log. ring number 

Fig. 9. Logarithmic shell-dimension, log (L-fB)/2H. 

4. Growth of shell-weight with respect to the age and to the shell-length. 
The growth of shell-weight with respect to the age is shown in Table IV 
and Fig. 10. We notice that the limpets found on the wet place are 
much heavier in the shell-weight than those found on the drier [dace. 

The relation of shell-weight to the shell-length are shown in Table V 
and Fig. 11. In Fig. 11, we note that the shell-weight increases in associa¬ 
tion with the increase in the shell-length, hut in the limpets smaller than 
about 16 or 17 mm. in the shell-length the increase in shell-weight is 
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Fig. 10. Shell-weight in relation to age. 

I . . -Ohshima 

II .. Mourajima (drier place) III . Mourajima (wet place) 


Table IV. Shell-weight in relation to age. 


King No. | 

Ohshima 

Mourajima (diier place) 

Mourajima 

(wet place) 

or age in j 
years 

No. 

Shell-weight 
in dgrs. 

No. 

Shell-weight 
in dgrs. 

No. 

Shell-weight 
in dgrs. 

1 

0 

_ 

1 

0.1 

0 


2 

3 

0.5 

*> 

0.3 

1 

0.4 

3 

40 

2.1 

14 

1.1 

5 

4.5 

4 

46 

3.3 

19 

1.6 

7 

5.4 

5 

23 

5.5 

26 

3.0 

3 

10.6 

6 

16 

7.5 

26 

3.6 

4 

14.2 

7 

9 

7.6 

13 

5.1 

3 

17.5 

8 

5 

9.9 

3 

5.0 

1 

19.1 

9 

6 

9.2 

13 

9.2 

1 

20.3 

10 

10 

9.2 

*> 

10.8 

0 


11 

7 

7.3 

6 

12.2 

0 


12 

1 

8.4 

0 

-- 

0 


13 

1 

6.3 

o 

12.1 

0 

— 

14 

0 

__ 

1 

12.1 

1 

37.2 

15 

0 

- - 

1 

19.7 

0 



The limpets are all collected in Julj'. 1931. 


considerably small, while those larger than 17 or 18 mm. in shell-length, 
the increase of the shell-weight -is conspicuously greater. 
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Table V. Relation of shell-weight to shell-length. 


Shell 
length 
in mm. 

Ohshima (1930) 

Ohshima (1931) 

Mourajima 
(drier place) 

Mourajima 
(wet place) 

No. 

Ws 

in dgrs 

No. 

Ws 

in dgrs 

No. 

Ws 

in dgrs 

No. 

Ws 

in dgrs 

34.5 


_ 

0 

_ 

0 

— 

0 

— 

3S.fi 

0 


0 

- 

0 


0 


32.5 

1 

40.3 

0 

- 

0 


0 

- 

31.5 

0 

— 

0 


0 

— 

1 

37.2 

30.5 

VYwM 



— 

0 

— 

0 

— 

29.5 

0 

- 

0 

~ 

0 


0 

- 

• 2S.5 

0 


0 


0 


3 

18.5 

27.5 

5 

22.9 

0 


0 

— 

1 

17.3 

20.5 

4 

21.7 

0 


0 

— 

5 

15.8 

25.6 

8 

17.9 

0 

-- 

0 


0 

— 

24.5 

19 

15.1 



1 

19.7 

1 

12.8 

23.5 

31 

14.0 

1 

10.7 

2 

15.5 

o 

6.1 

22.5 

39 

11.7 

3 

11.7 

2 

12.3 

2 

5.9 

2t.fi 

55 

9.9 

9 

10.4 

9 

10.0 

»■> 

5.7 

20.5 

58 

8.7 


8.7 

7 

8.9 

3 


19.5 

:is 

7.5 

22 

7.0 

10 

7.4 

»> 

5.0 

18.5 

18 

0.5 

18 

6.4 

7 


2 

3.6 

17.5 

14 

5.0 

20 

5.0 

12 

4.5 

0 

— 

10.5 

5 

4.1 

20 

4.1 

15 

3.5 

0 

— 

15.fi 

0 


17 

3.1 

17 

2.7 

0 

— 

14.5 

0 


21 

2.4 

12 

2.2 

0 

— 

13.5 

0 

- 

15 

1.8 

11 

1.6 

0 

- 

12.5 

0 


7 

1.5 

14 

1.2 

0 

— 

11.5 

0 


1 

1.4 

5 

0.9 

0 


10.5 

0 

— 

1 

0.7 

1 

0.7 

0 

— 

9.5 

0 


4 

0.6 

0 


1 

0.5 

8.5 

0 

— 

0 

-- 

o 

0.3 

0 

— 

7.5 

0 


HI 

— 

0 


0 


0.5 

0 


0 


0 

- 

0 

— 

5.5 

1 

0.1 

0 


0 


0 

— 


Wsshell-weight. 


Comparing the she! 1-weights of the limpets found in wet places with 
those found in the drier places, we note at once, that the former is dis¬ 
tinctly smaller than the later (see Table V). We may be safe to say 
that the limpets grow rapidly in length in wet places but slower in shell 
thickening compared with those found in dry places. 

5. Shell-weight and total-weight {body-weight including the shell) 
Relation of the total weight to the shell-weight are shown in Table VI 
and in Fig. 12. For the data of Yunoshima, I am indebted to Prof. E. 
Nomuka, who kindly permitted me to cite here. He measured from the 
materials preserved in 70 % sea-water alcohol mixed with an equal amount 
of 3 °'o formalin. While my own measurements were taken from living 
specimens. 

In 'Fable VI, (Wt — Ws) represents body-weight without shell, and 
(Wt/Ws —1) represents the relation of body-weight to shell-weight. On 
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shell-length in mm. 

Fig. 11. Growth of shell-weight with respect to shell-length. 
1.... Mourajima II.... Ohshima. 


Table VI. Total-weight and shell-weight. 


Shell- 
length 
in mm. 


Ohshima 

No. 

|jpj) 

Ws 

in dgrs 

Wt 

Ws 

No. 

Wt 

in dgrs 

Ws 

in dgrs 

Wt 

Ws" 

34.5 



49.8 

2.08 

0 

_ 


__ 

33.5 



37.3 


0 

— 

— 

— 

32.5 


— 

— 

— 

1 

72.0 

40.3 

1.78 

31.5 


69.7 

35.0 

1.99 

0 

— 

— 

— 

30.5 


50.6 

25.5 

1.98 

0 

— 

—- 


29.5 


52.3 

28.7 

1.82 

0 

— - 

— 

— 

28.5 


45.9 

23.3 

1.97 

0 

— 

— 

— 

27.5 


42.6 

22.6 

1.88 

5 

mm n 

22.9 

1.78 

26.5 

11 

31.9 

17.0 

1.87 

4 

.... 

21.7 

1.89 

25.5 

27 

28.9 

16.3 

1.78 

8 

Bn} 

17.9 

1.72 

24.5 

40 

26.0 

14.4 

1.81 

19 

27.3 

15.1 

1.81 

23.5 

44 

23.0 

12.9 

1.78 

31 

24.4 

14.0 

1.74 

22.5 

51 

20.2 

11.3 

1.79 

39 

20.9 

11.7 

1.78 

21.5 

32 

18.0 

10.2 

1.70 

55 

17.7 

9.9 

1.78 

20.5 

47 

15.5 

9.6 

1.61 

58 

15.9 

8.7 

1.82 

19.5 

38 

14.4 

8.3 

1.72 

38 

13.7 

7.5 

1.83 

18.5 

21 

11.3 

6.4 

1.77 

18 

9.9 

6.5 

1.53 

17.5 

7 

9.5 

5.3 

1.78 

14 

8.7 

5.0 

1.74 

16.5 

4 

6.2 

3.4 

1.82 

15 

6.7 

4.1 

1.63 


Wt=total-weight, Ws» shell-weight. 
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shell-length in mm. 

Fig. 12. Total-weight and shell-weight. 

A total-weight (Ohshima) a * - shell-weight (Ohshima) 

B total-weight (Yunoshima) h - • • shell-weight (Yunoshima) 

the limpet of Yunoshima, the average value of Wt/Ws is roughly 1.850 
(1.609-1.991) and that of Ohshima is roughly 1.757 (1.598-1.894). 

6. Age and group. In each colony of Acmaea dorsttosa both young 
and old individuals are found (Fig. 13), and I have determined in each 
colony the frequencies of limpets with respect to the ages. The results 
are shown in Table VII. 

The frequency distributions shown by 8 different localities are by no 
means the same but there is no question that the limpets of 3 to 6 years 
of age are decisively numerous and the frequency decreases as the age 
increases. Asymmetrical distribution of the frequencies and wider range 
towards the older than towards the younger seems to suggest that the 
limpets younger than 3 years do not actively participate in colony forming. 

In general, the limpet older than 12 years are few and, as far as I 
am aware, the limpet of 16 or 17 years old are rarely seen. It seems, 
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Fttf. 10. The <olonv of A< mam tftnsunstt, showing the ihdi\ iiluals of dilfeicnt 


Table V11. Ag<* and group. 


Am* 

Ohshima 

Moor 

ajinia (drier 

pla< e) 

, Mom; 

ajima (we 

■t plaee * , 

Total 

l years 

No. 1 

1 

No. 55 

No. ; 

1 \ No 1 

No. r» 

No. 0 

No 7 

1 No. s | 

number 

1 

0 

! o 

0 

! o 

0 

I 

0 

o : 

1 

*> 

1 


r» 

i i 

1 

1 

;; 

1 

10 

O 

17 

- 2S 

r>i 

1 7 

0 

10 

20 

2 

1 

1 

47 

i :n , 

r>o 

I « 

20 

1 1 

20 

11 ! 

1 SO 

5 

21 

•> 

21 

1 22 


.21 

i 2‘» 

10 

14S 

♦» 

IS 

s 

11 

17 i 

27 

27 

! 1.2 

20 I 

lot 

i 

0 

i 2 

4 

1 7 

11 

11 


0 

50 

« 1 

l 

1 

• * 

! i 1 

2 

r, 

o 

:: 

20 

0 

s 

i 5 

*1 

i 

0 

1.2 

0 

2 

40 

10 1 

14 

1 10 

1 

! •> 

2 

l 

0 

2 

07 

n 

1.2 

1 S 

0 

a 

7 

;; 

1 

0 

20 

155 

»> 

: 0 i 

i o 

i 0 

1 

0 

0 

0 

2 

12 

i 

, I 

0 

i 0 

»> 

0 

0 

0 

1 

11 ! 

0 

! <> ; 

0 

1 1 

0 

0 

0 

1 

2 

lo | 

! o 

■ 0 I 

0 

0 ■ 

I 

0 

0 

0 

1 

Total number 
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therefore, that the maximum age of Acmaea dorsuosa in Mutsu Bay may 
be about 16 or 17 years. 


SUMMARY. 

1. The ring method of ago determination is applicable to Acmaea 
dorsuosa , Goijld. 

2. The growth rate of the limpet which lives in wet places is faster 
than that of the limpet which lives in drier places, but the former is slower 
in shell thickening than the later. 

3. Relation of the shell-breadth to the shell-length is practically con¬ 
stant with the individuals older than 3 years of age, and the limpet loss 
than 2 years has a rounder shell margin than in the older one in the 
same colony. In the limpets of equal ago, those* found in wet place's show 7 
a rounder shell margin than those' found in elrie*r place's. 

I. The value of (L I B) '2 II decreases with the increase* of age*, anel 
this is chiefly elue to the* greater growth in shell-height. In the limpets 
younger than I years of age, the growth rate* of shell-height is slower 
than that e>f the* older one. 

When limpets of the* same* age* are compart'd, those found in wet places 
have a le>we*r shell-he*ight for given shell-length than those' found in drier 
place's, but no diffe*re*nce» is found in shell-height be*twe*en the* two. 

f>. In the* limpe't, the shell-weight is he*avie*r than the* body-weight 
(without she'll), giving the* ratio e)f about I : O.K. 

6. The free|ue*ne*y clistribution of the* age* within the* colonies is asym¬ 
metrical, and the* inelivieluals of 1 years e>f age are* most numerous. 

7. file* maximum age of Acmaea dorsuosa in Mutsu Bay may be 
about 17 years. 


KEFFEKENrKS 


Anr., Noitouc, 1931. Fcologiral Observations on Acmaea dor. (Ioi i.i> S< iem e Report 
of the Tohoku Imp. Univ , Fourth Senes, Biology, Vol. VI, No. 3, pp 403-127 

Cll \mhi.ri.\in, Thomas K 1930. Annual (irovvth of Fiesh-Water Mussels. Bulletin ot the 
Bureau of hishenes, Vol. XI.VI, pp. 713-739. 

( iiiTSr.f.r., Jami.s S 1910. Natural History of the Bay SeaHop. lOrowth. A^e at Maturit\, 
and Length of Life “Annual growth line.’’) Hud Vol XLVI, pp. bOo-bl 1. 

MaKIYAMA, .1 1930. On the Variation of the Fossil (dijnjrnrris yrssnrnsis. The Venus. 
Vol. 11, No. 3, pp. 107-1 Ih. 

Nompr\, E 192b. The Influonee of Coastal Waves on the* Shell-development in Littonna 
sitchtinu 1 * 1111 .. Srienee Report of the Tohoku Imp. Univ., Fourth Serie-., Biology, 
Vol 11. No. 1, pp. f>3 53. 

192b. An Application of a Kb 1 in Expiessing the (imvvth Relation in the Freshwater 



AGE AND GROWTH OP LIMPET 


363 


Bivalve, Sphaerium heterodon Pils. Ibid, pp. 57 -62. 

" 1926. Further Studies on the Applicability of a—Kb r in Expressing the Growth relation 
in Molluscan Shells. Ibid, pp. 63-84. 

- 1928. On the Relation between Weight and Dimensions ip the Bivalvs, Tapes philips 

pinarum Ads. and Rev. and Cytherea meretrix Linn. Ibid^ Vol. Ill, No. 2, pp. 
113-124. 

Ohue, T. 1931. On the Growth Curve of Thiala liberata. Dobutsug&ku-zasshi, Vol. 43, No. 
515> pp 551-558. 

Orton, J. H. 1926. On the rate of growth of Cardium edule . Part 1. Experimental Observa¬ 
tions. Journ. Marine Biol. Association, Vol. XIV (N. S.), pp. 239-279. 

- 1928. On the Rhythmic Period in Shell-Growth in Ostrea edutis with Note of Fettin- 

ing. Ibid., Vol. XV (N. S.;, pp. 365-427. 

- 1928. Observations on Patella vulgata . Part 11. Rate of Growth of Shell. Ibid., Vol. 

XL (N. pp. 863-874. 

Takano, M. 1932. Biometrical Studies on Several Gastropods. Dobutsugaku-zasshi, Vo). 
44. No. 521, pp. 100-108. 

Weymouth, F. W., McMillin, H. C. and Holmes, H. B. 1925. Growth and Age at Maturity 
of the Pacific Razor Clam, Siliqua patula (Dixon). Bulletin of the Bureau of 
Fisheries, Vol. XLI, pp. 201-236. 

Weymoutn, F. W. and McMlIXIN, H. C. 1930. Relative Growth and Mortality of the Pacific 
Razor Clam C Silujua patula , Dixon) and their Bearing on the Commercial 
Fishery. Ibid., Vol. XLVI, pp. 543-567. 

Weymouth, F. W. and Thompson, Skton II. 1930. The Age and Growth of the Pacific 
Cockle ( Cardium corbis. MaRTYn) Ibid., Vol. XLVI, pp. 633-611. 




ON THE SEX RATIO AND THE GROWTH OF BODY 
IN CARASSIUS AURATUS AND ITS VARIETY 
“ THE IRON-FISH ”D 

By 

Gemji Katoii. 

(Biological Institute , Tohoku Imperial University , Sendai, Japan ) 

(With 6 Text-figiuos.') 

(Recei\cd .Jum* 2, 1932.) 

INTRODUCTION. 

Carassius auratus (L.) is one of the most common fresh water fish in 
Japan and can he obtained very easily in large quantities at any season 
of year. The well known gold fish is considered to be a variety of 
Carassius auratus (L.) produced under long continued domestication. 
Recently another natural variety of Carassius or the so-called “ Iron-fish ” 
was discovered at several localities in the northern part of Honshu. 

Prof. San.ii IIozawa (1927) has published interesting accounts regard¬ 
ing the various external characters of the iron fish contrasted with the 
characters exhibited by both Carassius auratus and gold fish. Mats Cl 
(1931) stated that fishes exhibiting similar external characters as the iron 
fish are produced artificially from the cross between Carassius and “Ryukin” 
(a kind of a gold fish). Tugk (1929) compared anatomically the principal 
fiber tracts of the cerebrum among these three fishes. Kobayasiu (1931) 
found that these three fishes under consideration exhibit their own charac¬ 
teristic* cleaning ref rex. 

The following observations were made at the* Asamushi Marine' Biological 
Station with a view to determine whether or not the iron fish differs from 
the proper Carassius auratus (L.) concerning the sex ratio as well as the 
growth of body. 

During the course of the present research the writer received valuable 
suggestions from Prof. Shinkishi Hatai of the Biological Institute of the 
Tohoku Imperial University, for which he wishes to acknowledge his deep 
thanks, and he is also indebted to Prof. Sanji IIozawa of the Institute 
for his kind criticisms. 


^ A contribution from the Marine Biological Station, Asamushi, Aomori-Ken. No 88. 
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MATERIALS AND METHOD. 

Most of the fishes employed were caught in the ponds and streams 
near the Asamushi Marine Biological Station. Those specimens which 
were used for studying the earlier periods of growth were obtained from 
three ponds situated on the campus of the station, where Carassius and 
iron.fish were breeding. 

As to the measurements of the fish 1 have adapted the following terms; 
that is, for total length, the length from the tip of the closed mouth to 
the extreme end of the caudal fin ; for body length, from the tip of the 
closed mouth to the base of the caudal fin ; for depth, the line drawn 
from both the beginning of the dorsal and ventral fins, were taken. The 
body of the young fish soon after hatching was measured by means of 
the reading-microscope. The body weight was determined after removal 
of surface water and mucus, and the stomach contents as well as of 
gonads were included. 

SPAWNING OF CARASSIUS AURATUS AND OF IRON FISH. 

The iron fish which were kept in 1931, in the pond No. 1 of this 
station began to spawn on June 5th and continued for about ten days, 
while those kept in the pond No. 2, which were the direct off springs of 
the fishes in pond No. 1, began to spawn on the 11th of that month. 
Carassius auratus in pond No. 3 began to spawn on June 7th. At the 
time of breeding, the temperature of water in pond No. 1 was from 15 
to l(VC as Table 1 indicates. 


Table I. 


Date 

8, A. M. 

Midday 

4, P. M. 

1, Juno 

15.2’C 

15.4°C 

15.6’C 

2* *» 

15.4 

15.0 

15.6 

a. 

15.4 

15.6 

15.6 

4, .. 

15.0 

15.1 

15.4 

5, .. 

15.2 

16.0 

16.0 

(), ■ • 

15.4 

15.6 

15.8 

7, „ 

15.4 

15.0 

15.6 

8, „ 

15.2 

15.6 

15.6 

tt, 

15.0 

15.2 

15.0 

10, it 

14.8 

15.2 

15.2 

11, 

15.0 

15.4 

15.2 


These eggs began to hatch in about seven days after spawing. In a 
pond located at Kugurisaka, 2 k.m. from Asamushi, many eggs were foiind 
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attached to the leaves of water plants (June 12th), suggesting that the 
breeding season of Carassius and its variety in Aomori Prefecture will Ik* 
from early June to the middle of that month. 

HATCHING HATE AS WELL AS RESISTANCE OF THE IKON-FISH 
UNDER VARIED CONDITIONS. 

1. Influence of pH on iron fish eggs. In order to test how the H-ion 
concentration will affect the hatching rate as well as the survival of young 
fish, 70 eggs of the iron fish in the pond No. 1, were used. These eggs 
were divided into seven groups of ten each. Each group was placed in 
a separate basin holding 100 cc. of water but giving different values of 
pH (3.0 to 8.5). The water temperature varied from 11 to 16.2°C during 
the course of the experiment. The results are briefly shown in Table 2. 


Table 2. 


No. of eg^s 1 

pH 

| No. of hatch 

10 i 

8.5 

i o 

10 1 

7.4 

8 

10 i 

7.0 

S 

10 

6.7 

10 

10 

5.5 

0 

10 ! 

4.5 

0 

10 1 

:lo 

1 0 


2. Influence of sea water on the eggs of iron fish . 55 eggs were 

divided into 11 groups of five each. Each basin contained 100 cc. of 
water which temperature ranged between 11 and 16.3X\ The results of 
the test are shown in Table 3. 


Table 3. 


• No. of eggs 

Medium 

pH 

No of hatch & remarks 

5 

normal sea water 

8.3 

0 f died after 2-1 hours 

5 

1/2 

8.3 

0, died after 2 days 

5 

1/3 

8.3 

3, 2 soon died 

5 

1/4 

8.2 

3, 2 died 

5 

1/6 

8.2 

3. 2 died 

5 

1/8 

8.2 

3. 2 died 

5 

1/12 

7.0 

5, hatched 

5 

1/16 

7.8 

5, hate! ed 

5 

1/24 

7.0 

4, 1 died 

5 

1/30 

7.5 

5, hatched 

5 

running water 

7.3 

5, hatched 
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3. Surmval of iron fish in sea water . In this experiment, 45 young 
iron fishes were divided into 9 groups each, which were subjected to different 
concentrations of sea water. Each basin contained 100 cc. of variously 
diluted sea water, the temperature of which was about 16’C. The results 
are shown in "Fable 4. 


"Fable 4. 


No. of 
fish 

Medium 

pH 

Remarks 

pH in 

2 da\s 

5 

1/2 sea water 

8.a 

died 

8.0 

5 

i/a 

8. a 

4 

7.8 

5 

1/1 

8. :t 

5 

7.8 

5 

: i/o 

8.2 

5 

7.0 

5 

1 1/8 

i 8.2 

5 

7.5 

5 

1/12 „ 

8.0 

5 

7.4 

5 

1/10 

7.8 

5 

7.a 

5 1 

1 l/:«) 

7.5 

5 

7.2 

5 ! 

fresh water 

7.2 

| 5 

0.9 


The results obtained from the above thi'ee experiments seem to indicate 
that, (1) the eggs of iron fish are capable to hatch between pH 5.5 and 
7.4, (2) the eggs of the? iron fish are capable to hatch normally in sea 
water only when diluted to 1/12 or more or when the value of pH reaches 
7.9, (3) iron fishes are able to survive completely for two days in diluted 
sea w<iter (1/3 or more). 

It is to be regreted that I have made no comparable tests with Caras - 
sius auratus which contrary to the iron-fish are normally found in brakish 
water, and one would anticipate a relatively high resistance of the former 
than in the later to the sea-water. 

THE SEX RATIO CARASSIUS AND IN ITS VARIETY “ IRON-FISIi *\ 

1. Carassius auratus . Sasaki (1926) has already determined the sex 
ratio in Carassius auratus with the materials obtained in the neighborhood 
of Sendai and found the ratio 12.6 £ : 100 -. Matsui (1930) who 

examined Carassius collected in Toyohashi, Aichi Pref. also obtained nearly 
identical values of the sex ratio of 13.15 $ : 100 The above obser¬ 

vations were made on the adult Carassius which were at least over one 
year old. Recently the present writer examined 700 specimens of Carassius 
of random catch from Numasaki, Aomori Pref., which ranged in length 
from 5.1 to 29.2 cm. being considerably larger specimens than those ex¬ 
amined by Sasaki. The sex ratio of these large fishes was 6 $ : 69 
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or 0.85 £ : 100 The sex ratio here found can not bo readily inter¬ 
preted owing to the difference in the method of sampling hut the result 
seems to suggest that the sex ratio significantly alters when Carassius of 
larger body sizes alone were examined. 

In order to find the sex ratio of Carassius in the* younger stage*, 1 
have collected specimens of about two months after hatching at Tsutsui 
in the neighborhood of Aomori City on August 15th and on 25th. Only 
12 specimens out of 300 collected on the 15th of August showed dif¬ 
ferentiated gonads and gave the sex ratio of 3 £ : 9 while among 
those collected on August 25th, 11 specimens out of 186 were determine! 
for the same reason and obtained the sex ratio of 3 £ : 8 The 
materials examined arc* small but seem to indicate that the sex ratio in 
the young stage of Carassius is considerably high in favor of the male 
sex. The* body length of younger Carassius here examined ranged from 
1.8 to 5.7 cm. 

2. Iron-fish. On July 19th, 70 young iron fishes were* caught by net 
at Tazawa, Natsudomari Peninsula, Aomori Pref., in which 18 were about 
forty days old and the others were at least two years or more old. These 
48 young fishes were from 2.36 to 1.30 cm. long and the* sex ratio was 
found to be 24 £ : 24 Although these iron fishes were a little over 

one month old, the differentiation of gonad was more complete than in 
young Carassius of over two months old. 

The sex ratios found by the present writer from iron fish, gold fish, 
and Carassius are as follows: 


Table 5. 



Locality 

Sox ratio 

t •• 4- 

Remark*. 

Carassius 

Tsutsui, Aomori 

8 : 

young 

auratus (L.) 


3 : S 

young 

Numasaki, Aomori 

6 : 69 

adult 


Tazawa, Aomori 

21 : 21 

young 

lion-fi^h 

ft • • 

« : 2 

adult 


Utorinuma, Miyugi 

S : 7 

adult 

1 wakin 

Tokyo 

61 : 67 

adult 

Gold- i i • 

fish r >' uk,n 

Aomori 

53 : -17 

adult 

j comet 


24 :i 

adult 
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GROWTH OF THE IRON FISH IN EARLIER PERIOIL 

The growth c f young iron fish during the first ten days after hatching 
is shown in Figs. 1 and 2. The materials were obtained from pond No. 
1. The characters chosen for measurements were the body depth, the 
diameter of eye, and the tail length. The rapid reduction of the depth 
immediately after hatching is due to the absorption of sac, and afterwards 
it increases slowly, but steadily. The growth of eye in diameter was much 
faster for the first three days and then slowly as is shown in Fig. 1. 



0 2 4 0 8 


Tirm 1 ; in days 


Fig. 1. Mean daily increments of width, eye-diameter and tail-length. 
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10 
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15 
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Fig. 2. Showing the relation of growths of width, eye-diameter and 
tail-length in the young stage of iron fish raised in pond No. 1. 


The tail length, at first, is shorter than the diameter of eyes for cor¬ 
responding body length, but when the body grows to 7.2 mm. in length. 
(Fig. 2 is based on the data given in Table 7), the length of the former 
becomes nearly equal to the later, indicating that the tail develops faster 
than the diameter of eyes and ultimately surpasses the latter, and it even 
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surpasses the body depth when the fish reaches 120-130 mm. in length. 
The similar data on the iron fish from the 11th day on after hatching 
were not obtained for fear that the normal rate of growth would he altered 
when kept too long in the laboratory. 

Table 6. 


Age in 
days 

Body length 
mm. 

Total length 
mm. 

Depth 

mm. 

Eye-diameter 
mm. j 

Tail length 
mm. 

Wo. ol 
specimens 
examined 

1 

i 

_ 

1.01 

0..T) 

— 

1 

0 

5.0 j 

5.4 

0.88 

0.87 

0.87 

10 

1 

5.2 

5.5 

0.82 

0.41 

0.89 

20 

o 

5.4 

5.7 

0.86 

0.48 

0.88 

20 

:: 

5.5 

5.9 

0.91 

0.46 

0.88 

20 

4 

5.0 

6.0 

0.98 

0.48 

0.40 

20 

5 

5.8 

6.2 

0.96 

0.50 

j 0.48 

20 

6 

5.8 

6.2 

0.98 

0.48 

j 0.42 

20 

7 

5.9 

6.4 

0.97 

0.49 

0.40 

20 

8 

6.0 

6.4 

0.96 

0.50 

• 0.41 

20 

9 

6.0 

6.5 

0.98 

0.52 

| 0.45 

10 

10 

0.2 

6.6 

1.02 

0.52 

1 0.18 

10 

t 


Table 6 shows the growth of different parts of the young iron fish 
for the period of the first ten days after hatching. The same data when 
arranged according to the progressive order of the body length are shown 
in 'Fable 7. 


Table 7. 


Body 

length 

mm. 

Total 

length 

mm. 

Depth 
mm. | 

Eye 

diameter 

mm. 

Tail j 

length 

mm. 

B l. /Depth 

: 

B.L./Tail 

No. of 
specimens 
examined 

8.5 

8.6 

1.1 

0.82 

0.1 

8.1 

25.0 

4) 

8.6 

8.8 

1.0 

0.86 

0.2 

8.6 

20.0 

»> 

4.4 

4.7 

0.9 

0.38 

0.8 

4.9 

16.8 

o 

4.6 

4.9 

0.8 

0.87 

0.8 

5.6 

15.9 

«> 

4.7 

5.0 

0.8 

0.37 

0.3 

5.7 

18.8 

»» 

4.8 

5.1 

0.8 

0.35 

0.3 

6.2 

15.5 

8 

4.9 

5.8 

0.8 

0.10 

0.4 

6.1 

18.2 

4 

5.0 

5.4 | 

0.8 

0.42 

0.4 

6.5 

18.9 ; 

4 

5.1 

5.5 

0.9 

0.41 

0.4 

6.0 

18.4 

11 

5.2 

6.6 

0.8 

0.44 

0.4 

6.4 

11.4 

18 

5.8 

6.7 

0.9 

0.45 

0.4 

5.8 

14.8 

15 

5.4 

5.8 

0.9 

0.44 

0.4 

6.0 

18.9 

14 

5.5 

5.9 

0.9 

0.46 

0.4 

5.9 

18.7 

12 

5.6 

6.0 

0.9 

0.46 

0.4 

6.0 

18.7 

20 

5.7 

6.1 

0.9 

0.47 

0.4 

6.2 

18.9 

16 

5.8 

6.2 

0.9 

0.60 

0.4 

6.4 

14.5 

11 

5.9 

6.8 

1.0 

0.51 

0.4 j 

6.V j 

14.1 

10 

6.0 

6.4 

0.9 

0.50 

0.4 j 


il.O 

9 

6.1 

6.5 

1.0 

0.52 

0.4 

6.2 

14.9 

16 
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Body 

length 

mm. 

Total 

length 

mm. 

Depth 

mm. 

Eye 

diameter 

mm. 

Tail 

length 

mm. 

B.L./Depth 

B.L./Tail 

No. of 
specimens 
examined 

0.2 

0.0 

1.0 

0.52 

0.4 

0.5 

15.1 

8 

6.5 

0.7 

1.0 

0.54 

0.4 

0.5 

15.4 

8 

0.4 

0.8 

1.1 

0.52 

0.4 

5.9 

15.0 

4 

0.5 

0.9 

1.1 

0.55 

0.4 

5.9 

15,9 

5 

0.6 

7.0 

1.2 

0.55 

0.4 

5.7 

16.1 

1 

6.7 

7.1 

1.2 

0.55 

0.4 

5.8 

15.2 

1 

0.0 

7.5 

i.a 

0.59 

0.5 

5.5 

15.5 

2 

7.0 

7.5 

l.a 

0.00 

0.5 

5.0 

15.5 

5 

7.1 

7.0 

1.2 

0.58 

0.5 

5.7 

13.7 

5 

7.2 

7.8 

l.a 

0.04 

0.0 

5.4 

11.8 

7 

7 .a 

7.8 

1.4 

0.02 

0.5 

5.2 

15.8 

o 

7.4 

7.9 

1.4 

0.59 

0.0 

5.4 

15.5 

2 

7.0 

8 . a 

1.5 

0.08 

0.0 

5.1 

12.7 

1 

7.7 

8.1 

1.5 

0.69 

0.7 

5.0 

11.9 

1 

7.8 

8.5 

1.0 

0.69 

0.7 

4.8 

10.5 

4 

8.1 

8.9 

1.7 

0.75 

0.9 

4.7 

9.4 

2 

8.5 

9.2 

1.8 

0.08 

0.9 

4.7 

9.5 

2 

8.4 

9.2 

1.8 

0.72 

0.9 

4.8 

9.1 

1 

8.5 

9 . a 

1.8 

0.72 

1.0 

4.8 

8.9 

2 

8.0 

9.5 

1.8 

0.74 

1.0 

4.8 

9.0 

1 

8.7 

9.0 

1.8 

0.75 

1.0 

4.9 

8.9 

*> 

8.8 

9.7 

1.9 

0.77 

1.0 

4.7 

8.9 

1 

8.0 

10.1 

1.9 

0.74 

1.1 

4.0 

8.2 

o 

0.2 

10.2 

2.0 

0.80 

1.1 

4.0 

8.2 

4 

9.5 

10.5 

2.0 

0.70 

1.2 

4.7 

7.8 

1 

9.5 

11.0 

2.0 

0.80 

1.4 

4.7 

0.9 

*> 

da 

9.7 

11.1 

2.0 

0.71 

1.5 

4.8 

' 0.0 

O 

10.0 

11.8 

o »> 

0.85 

1.0 

4.0 

0.1 

5 

11.0 

ia.o 

2.5 

0.80 

2.5 

4.4 

4.7 

*> 

12.0 

14.2 

L \7 

0.91 

2.5 

4.4 

4.9 

5 

l . a.o 

10.1 

5.0 

0.96 

5.5 

1.5 

5.9 

1 

14.0 

15.8 

5.7 

1.25 

5.5 

5.8 


1 

15.0 | 

18.9 

5.0 

1 .15 

5.9 

4.1 

5 . S 

o 

10.0 

25.0 

4.8 

- 

5.0 

5.5 

.3 ° 

5 


The ratio between the body length and the depth increases at first 
owing to the absorption of the umhrical sac, which however diminishes 
at first rapidly and then slowly. This ratio soon approaches to that shown 
by the adult form which is approximately 3.0 (Table 8). The ratio between 
the body length and the tail length is 25, immediately after hatching, but 
it diminishes gradually with the increase of the body length. In 16 mm. 
in body length, the ratio becomes 3.2, and in 40 mm. it is 2.42 (Table 8), 
indicating a very rapid increase of the tail which corresponds to that 
of the body. Indeed, in the iron fish over five years old, the tail length 
almost equals or even exceeds that of the body, giving the value for the 
ratio 1 or even less. The relation between body length and depth and 
the relation between body length and tail length are shown in Table 7 
and their graphical presentation in Kig. 3 a. 
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Fig. 3. a Change in the ratio of body-length and tail-length (upper) and in the 
ratio of body-length and width (lower), b. Showing the difference in tail-length and 
width between Carassius and iron fish. A and A| indicate the tail-length of iron fish 
and Carassius; Band Bj the width of iron fish and Carassius, respectively. 

BODY MEASUREMENTS TAKEN FROM CARASSIUS CONTRASTED 
WITH THOSE TAKEN FROM IRON FISH. 

One of the most characteristic differences between iron fish and Caras - 
sius is that the former possesses considerably longer fins and tails than 
the latter. The writer measured the lengths, weights and depths of the 
bodies of these two forms and presented the data in Tables 8 and 9. 

In Table 8 are shown the data on the measurements taken from young 
Carassius which wore found at Tsutsui, Aomori Pref., and the iron fish 
which hatched in pond No. 1, while in Table 9 are given the data in the 
adult forms of both Carassius and iron fish; Carassius here used were 
obtained from Numasaki, Aomori Pref., and the iron fishes were captured 
from Tazawa, Aomori Pref. As these data show, the iron fish is lighter 
in weight, shorter in depth and longer in tail as compared with the respec- 


Width and tail-length in^i 
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Table 8. 


B.L. 

Total L. 

(mm.) 

Total W. 
(«•) 

Depth 

(mm.) 

Tail L. 

(mm.) 

B.L./Depth 

B.L./Toil L. 

(mm.) 

Caras- 

Iron 

Caras- 

Iron 

Caras- 

Iron 

Caras- 

Iron 

Caras- 

Iron 

Caras- 

Iron 


siujt 

fish 

SlUS 

| fish 

sms 

fi>h 

sius 

fish 

sius 

1 

fish 

sius 

fish 

14 

17.7 

15.8 

0.07 


4.2 

3.7 

3.5 


3.3 

3.8 

4.0 

_ 

15 | 

- 

18.9 




3.6 


3.9 

— 

4.2 


3.8 

16 

20.3 

23.0 

— 

— 

1 4.9 

4.8 

4.0 

5.0 

3.3 

j 3.3 

4.0 

3.2 

17 

21. rt 


0.12 


5.3 

— 

4.6 


3.2 

| 

3.7 


18 

22.1 



- 

5.6 

— 

4.0 

— 

3.2 


4.5 

— 

19 

24.0 

! — 

0.21 


6.1 


5.0 


3.1 


3.8 


20 

25.0 


0.22 


6.4 


5.0 


3.1 


4.0 

— 

21 

26.4 


0.26 


6.6 


5.4 


3.2 

- 

3.9 


«w 

27.4 

i 

0.31 

— 

6.8 


5.4 

— 

3.2 

— 

4.1 


2a 

28.5 


0.37 


7.1 

— 

5.5 


3.2 


4.2 

— 

24 l 

29.8 

32.7 | 

0.41 

0.34 

7.6 

6.8 

5.8 

8.7 

3.2 

3.5 j 

4.1 

2.8 

25 

31.5 

34.6 i 

0.16 

0.43 

8.2 

7.8 

6.5 

9.6 

3.1 

3.2 

3.9 

2.6 

26 

32.6 

35.9 

0.52 

0.51 

8.6 

7.9 

6.6 

9.9 

3.0 

3.8 

3.9 

2.6 

27 

34. rt 

37.8 j 

0.63 

0.56 

9.2 

7.9 

7.6 

10.8 

2.9 

3.4 

3.6 

2.5 

28 

35.5 

39.2 

0.67 

0.64 

9.6 

8.5 

7.5 

11.2 

2.9 

3.3 

3.7 

2.5 

29 

36.7 

40.2 

0.74 

0.68 

10.0 

8.7 

7.7 

11.2 

2.9 

3.3 

3.8 

2.6 

:;o ! 

38.3 

42.0 

0.83 

0.78 

10.5 

9.0 

8.8 

12.0 

2.9 

3.3 

3.6 

2.5 

at 

40.1 

43.2 

1.00 

0.86 

11.1 

9.6 

9.1 

12.2 

2.8 

3.2 

3.4 

2.5 

32 

40.7 

44.9 

1.10 

0.90 

11.2 

9.9 

8.7 

12.9 

2.9 

3.2 

3.7 

2.6 

33 

42.3 

40.3 

1.13 

1.07 

11.4 

10.2 

9.3 

13.3 

2.9 

3 2 

3.7 

2.5 

34 

43.3 

47.3 

1 22 

1.13 

12.1 

10.1 

9.3 

13.3 

2.8 

:L4 

3.7 

2.6 

.35 

15.2 


1/26 


13.2 

— 

10.2 


2.7 


3.4 

— 

ao 

46.8 

49.8 

- 

1.11 

14.0 

11.4 

10.8 

13.8 

2.6 

3.2 

3.3 

2.6 

:v7 

47.4 

53.6 

1.78 

1.34 

14.0 

11.0 

10.4 

13.9 

2.6 

3.4 

3.6 

2.7 

as 

49.7 


1.72 


14.5 

- 

11.7 


2.6 


3.3 | 

— 

89 

50.8 

54.5 

1.88 

1.79 

14.6 

12.2 

11.8 

15.5 

2.7 

3.2 

3.3 

2.6 

40 

51.7 

60.0 

2.07 

1.98 

15.2 

12.7 

11.7 

16.5 

2.6 

3.2 

3.4 

2.4 

41 

52.9 

59.3 

2.26 

2.14 

15.6 

12.8 

11.9 

16.4 

2.6 

3.2 

3.5 

2.5 

42 

04.0 i 

60.4 

2.41 

2.27 

16.4 

12.8 

12.0 

16.5 

2.6 

3.3 | 

3.5 

2.6 

43 

55.6 

61.0 

2.40 

2.34 

16.0 

13.9 

12.6 

18.0 

2.8 

3.1 

3.4 

2.4 

44 

57.1 


2.71 

— 

16.6 


13.1 


2.7 


3.4 

— 

45 

58.3 


3.04 

j . 

17.4 

— 

18.3 

— 

2.6 


3.4 

— 

4« 

59.6 


3.24 


17.7 


13.6 


I 2.6 j 

- 

3.4 

— 

47 

61.9 


3.5 7 

~ 

18.4 


14.9 


! 2.6 

- 

3.2 

— 

48 

62.4 


3.51 


18.4 

— 

14.4 


| 2.6 

— 

3.3 


49 j 

63.3 

— 

8.77 


18.9 


14.3 


2.6 


3.4 

_ . 

50 

64.4 


4.10 

i 

19.6 


14.4 


2.0 


3.5 

— 


tive values of Carassius auratus. Consequently, the iron fish has a lower 
value in the ratio between body length and depth, and higher ratio between 
body length and tail than those given by Carassius auratus. These relations 
are shown graphically in Fig. 3 b. 
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Table 9. 


B.L. 

Total L. 
(cm.) 

Total W. 
(g.) 

Depth 

(cm.) 


Tail L. 

(cm.) 

B.L./Dcpth J 

B.L./Tail 

(cm.) 

Caras■ 

Iron 

Caras• 

Iron 

Caras • 

Iron 

Caras - 

Iron 

Caras - 

Iron | 

Caras - 

Iron 


sius 

fish 

sius 

fish 

SIUS 

fish 

sius 

fish 

sius 

fish | 

sius 

fish 

5.0 

8.1 


4. 

1 

4.5 

1.7 

1 

9 

3.1 


2.9 

o 

6 

1.6 


5.1 

8.5 


4. 

50 

6.0 

1.6 

o 

00 

3.4 


3.2 

o 

55 

1.5 


5.2 

8.a 


4. 

90 

7.6 

1.7 

1 

90 

2.8 


3.1 

•> 

74 

1.9 


5.a 

8.1 


4 

53 

6.4 

1.7 

1 

95 

2.8 


3.1 


72 

1.9 


5.4 

8.a 


;i 

87 

5.8 

1.7 

1 

95 

2.9 


3.2 

» 

77 

1.9 


5.5 

8.6 


4 

50 

5.2 

1.7 

o 

03 

3.1 


3.2 

2. 

71 

1.8 


6.5 

8.9 


4 

68 

5.9 

1.8 

2 

01 

3.1 


3.1 

o 

79 

1.8 


5.7 

9.2 


4 

55 

6.6 

1.8 

o 

05 

3.5 


3.2 

«> 

78 

1.6 


5.8 

8.2 


5 

34 

5.3 

1.8 

o 

12 

2.4 


3.2 

*» 

74 

2.4 


5.9 

— 


5 

71 

- 

— 

*> 

18 

- 



2 

71 

—• 


5.0 

8.8 


5 

90 

7.0 

1.9 

o 

23 

2.8 


•» *•> 

o 

69 

2.1 


6.1 

9.5 


6 

16 

9.5 

2.1 

o 

26 

3.4 


2.9 

o 

70 

1.8 


6.2 

9.3 


6 

62 

8.9 

2.0 


28 

3.1 


3.1 

o 

72 

2.0 


6.a 

10.0 


7 

20 

8.5 

2.1 

O 

JJ 

37 

3.7 


3.0 

2 

66 

1.7 


6.4 

9.5 


7 

53 

U.4 

o o 

o 

40 

3.1 


2.9 

*> 

67 

2.1 


6.5 

10.6 


7 

.69 

9.7 

o O 

o 

48 

1.1 


3.0 

o 

62 

1.6 


6.6 

— 


7 

.95 


— 

o 

48 

— 


— 

O 

66 

- 


6.7 

10.3 


8 

.58 

; 11.5 

2.5 

•> 

54 

3.6 


2.7 

2 

.61 

1.9 


6.8 

10.5 


9 

.23 

10.0 

2.2 

*» 

56 

3.7 


3.1 

o 

.66 

1.8 


6.9 

11.2 


9 

.47 

11.5 

o o 

o 

60 

4.3 


3.1 

2 

.65 

1.6 


7.0 

10.7 


9 

.29 

14.3 

«» *» 

o 

.64 

3.7 


3.2 

2 

.66 

1.9 


7.1 

— 


10 

.05 

1_ 

— 

2 

.72 

— 


-- 

o 

.61 

— 


7.2 

10.7 


11 

.16 

, 10.0 

2.4 

*> 

.75 

3.5 


3.0 

»> 

.62 

2.0 


7.a 

— 


11 

.52 

’ — 


2 

.78 

— 


— 

»> 

.63 

i _ 

I 


7.4 

11.0 


12 

.07 

1 11.5 

2.5 

o 

.82 

3.6 


3.0 

o 

.62 

! 2.0 


7.5 

-- 


12 

.42 

,i 

- 

o 

.89 

— 


— 

2 

.60 

— 


7.6 

11,2 


12 

.70 

12.7 

2.4 

2 

.87 

3.6 


3.2 

1) 

.65 

2.1 


8.0 

12.3 


15 

.58 

15.2 

2.5 

3 

.05 

4.3 


3.2 

2 

.62 

1.9 


8.2 

11.0 


16 

.38 

‘ 14.0 

2.5 

3 

.10 

3.8 


3.3 

rt 

. 65 

o o 


8.5 

12.1 


18 

.83 

: 17.3 

3.6 

3 

.18 

3.6 


3.1 

O 

.67 

2.4 


8.6 

12.5 


19 

.74 

; 18.5 

2.8 

3 

.30 

3.9 


3.1 

2 

.61 

2.2 


9.2 

15.0 


24 

.08 

22.0 

3.0 

3 

.50 

5.8 


3.1 

2 

. 63 

i!o 



THE WEIGHT-LENGTH RELATION OF CARASSIUS 

As Paton (1898), Fulton (1905) and others have shown already in 
various kinds of fish, the value of body in weight may he expressed in 
terms of the body length or W = aL’, in which W represents the body 
weight, L the body length, and a is constant. 

Recently Sasaki (1926) showed that in Carasstus auratus obtained in 
the neighborhood of Sendai and from which the gonads were removed, 
the equation is also applicable or in his case: W grms = 0.0131 (Lems.)*. 
In the writer’s data, the younger groups consisted of 569, which age was 
about two months old (Table 8), and the older groups consisted of 708, 
which age was at least one year or more old (Tables 9 and 10), gave 
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Table 10. 


B. L. 
(cm.) 

T. W. 
(cm.; 

Depth 

(cm.) 

Cal. No. 

9.0 

22.5 

2.4 

7 

9.1 

22.4 

2.4 

4 

9.2 

24.1 

2.5 

7 

9.2 

25.2 

2.5 

8 

9.4 

26.0 

3.5 

8 

9.5 

27.9 

3.5 

12 

9.6 

26.7 

3.6 

7 

9.7 

28.7 

2.6 

8 

9.8 

28.2 1 

2.7 

8 

9.9 1 

••10.3 

2.7 

5 

to.o ! 

29.8 

2.8 1 

! 8 

10.1 

21.8 

2.8 

9 

10.2 

22.9 

2.8 

2 

10.2 

26.1 

2.9 

5 

10.4 

22.9 

2.9 

8 

10.5 

26.5 

4.0 

8 

10.6 

27.4 

4.0 

10 

10.7 

28.0 

1 4.0 

10 

10.8 

28.2 

4.0 

11 

10.9 

42.1 

4.2 

8 

11.0 

40.2 

4.2 

4 

11.1 

42.0 

4.2 

10 

11.3 

44.5 

4.2 

7 

11.2 

42.8 

4.2 

6 

11.4 

48.1 

4.4 

8 

11.5 

42.4 

4.4 

7 

11.6 

49.4 

4.4 

6 

11.7 

52.1 

4.6 

1 

11.8 

50.7 

4.1 

t> 

11.9 

51.2 

4.5 

10 


B. L. 
cm.) 

T. W. 

(g) 

Depth 

(cm.) 

Cal. No. 

12.0 

55.i) 

4.6 

6 

12.1 

58.4 

4.6 

4 

12.2 

55.4 

4.7 

4 

12.4 

57.0 

4.7 | 

2 

12.5 

62.6 

4.7 

o 

12.6 

62.5 

4.8 

6 

12.7 

61.5 

4.7 

6 

12.8 

65.8 

4.8 j 

2 

12.9 

69.1 

4.7 

2 

12.1 

67.2 

4.8 

5 

12.2 

70.9 

5.0 

*» 

12.2 

66.8 

4.9 

i> 

12.5 

68.6 

5.0 

2 

12.6 

78.6 

5.0 

• ft 

• ft 

12.7 

84.2 

5.1 

2 

12.9 

100.6 

5.4 

1 

14.0 

82.6 

5.2 

o 

14.1 

82.1 

5.2 

2 

14.2 

81.2 

5.2 

2 

14.4 

97.7 

\ 5.6 

2 

14.5 

100.6 

5.5 

1 

14.6 

92.2 

5.4 

1 1 

15.1 

102.2 

5.7 

2 

15.2 

114.7 

5.7 

»» 

15.9 

125.6 

6.1 

1 

16.0 

122.2 

6.1 

2 

16.2 

128.8 

6.0 

*■> 

16.5 

128.6 

6.2 

1 

16.6 

128.2 

6.2 

o 

17.2 

148.4 

6.4 

1 


the equations, W grms — 0.0309 
(L mis.) 4 and W grms = 0.0303 
(\j cms.)' respectively. The slight 
difference in the value of the 
constant here given as compared 
with that calculated by Sasaki 
may be due to the difference of 
locality as well as to the differences 
of the method, that is, an inclu¬ 
sion of gonads. The results are 
shown in Figs. 4 and 5. Each 
circle respresents several obser¬ 
vations taken from both sexes. 
In Fig. 5, females only were 
used. 


E 

cti 

Im 

u 

c 











w 








*/ 

l2L, 

t 



'd 

\ 

J 

m 9 A 

•J 

i'' ^ 

1 

1 

1 

JS. 


J 

i 

i 

r 






1.5 2.5 2.5 4.5 


Body-length in cm. 

Fig. 4. Showing the relation of weight to 
bodv-lcngth in 569 specimens. 

(W 0.05091.*) 






Bod} -length in cm. 

Fig. 5. Showing the relation of weight to body-length in 708 specimens. (Cam s- 
sius au rat tut L.) f the lower figure is from K. Sasaki. All materials are female on!\. 

THK GROWTH OF IRON FISH. 

In 1928, about 80 adult iron fishes were placed in one of the ponds 
of the Asamushi Marine Biological Station, and their external dimensions 
were measured by the members of (he Station at least once every year 

Table 12. 


Age 

Body length 

Tail length 

Depth 

fern.) 

(cm.) 

| (cm.) 

Immediately 




after hatching. 

0.56 

i o.ot 

0.09 

itO Days 

2.4 

1-3 

1.0 

70 „ 

4.o ; 

1.6 

- - 

14 Months 

6.1 

a. 2 

2.0 

26 

S.l 

a. 9 

2.1 

27 

S .6 

i i 

— 

as 

9.4 

4.9 

2 2 

50 

11.4 

i 5.8 

o »> 




378 


G. KATOH 


till 1931. The data just mentioned together with the data taken by myself 
on the young iron fish in 1930 and 1931 are shown in Table 12, and its 
graphic representation in Fig. 6. 



From Fig. 6, we can see that the iron fish grows most rapidly in the 
summer of the first year, and from the second year on, the growth rate 
is slowed. The fact that the curve takes some upward course even at 
the age of 50 months, may indicate* that the body of fish is capable of 
growing for longer periods. 

THF. BODY LENGTH AND DEPTH OF CARASSIUS, HAVING IDENTICAL 
BODY LENGTH BUT AT DIFFERENT AGES. 

Of many young Carassius which were collected from the river Tsutsui, 
Aomori, those having the same body length were selected and the depth 
and the tail length were measured. The results are shown in Table 13. 
These 11 fishes probably hatched in the spring of 1931. It was found 
that the fish captured on July 25 possessed a slightly smaller tail length 
than the fish with identical body length which were captured on August 
19, but they were almost equal in depth. Consequently, the growth of 
the tail region under adverse state is subjected to higher variation than 
the depth. 

A similar comparion was made wkh the adult Carassius which were 
obtained from various districts. The results show that, in general, the 
fish which live in pond have a broader body than the fish in river, hence 
the ratio of body length to depth is smaller in the former than in the 
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Table 13. 


Body 

Tail length 

Depth 

length 

July 25. 

Auk. 1!>. 

July 25. 

Aug. 19. 

cm. 

cm. 

| cm. i 

cm. 

cm. 

19 

0.50 


0.60 

_ 

20 

0.50 

! 0.58 

0.64 

0.63 

21 

0.64 

1 0.07 

0.66 

0.72 

22 

0.54 

; 0.64 

0.68 

0.72 

2a 

0.65 

; 0.61 

0.71 

0.75 

24 

0.68 

! 0.6(1 

0.76 

0.79 

25 

0.65 ! 

! 0.69 

0.82 

0.82 

26 

0.66 

0.72 

0.86 

0.89 

27 

0.76 

0.77 

0.92 

0.92 

28 

0.75 

0.81 

0.96 

0.99 

29 

0.77 

0.83 

1 .00 

1.01 

30 

0.83 

0.86 

1.05 1 

1.02 

31 

0.91 

0.91 

1.11 

1.11 

32 

0.87 

0.97 

1.12 | 

1.18 

33 

0.93 

1.01 

1.11 

1.18 

34 

0.93 

1.05 

1.21 1 

1.25 

35 

1.02 

1.07 

1.32 

1.29 

36 

’ 1.08 

1.12 

1.40 

i 

1.35 


later. Such bodily change may be partially due to the relative supply of 
food substances, being more abundant in the pond and less abundant in 
the river. In Table 14, are given Carassius from the pond Konhei, Asa- 
mushi, which are very slender, giving the ratio for between body length 
and depth as large as 3.02, while in majority of cases, the normal ratio 
of body length to depth in Carassius is in the neighborhood of 2.7 as 
Table 14 shows. 


Table 14. 


Cal. No. 

B.L./Depth 

Locality & Remarks 

39 

2.45 

Bagyu, Miyagi 

Pond 


2.49 

Tanuma, Hirosaki 

— 

» 

2.64 

Tanabu, Shimokita 

-- 

50 

2.65 

Numasaki, Aomori 

- 

4 

2.65 

Hanatate, Akita 

— 

5 

2.65 

Maedascki, Aomori 

— 

4 

2.70 

Kominato, Aomori 

— 

6 

2.73 

Iwaki river, Nishigun, 

River 

1 

4 

2.74 

Hooku/awa, Kamikita 

- 

5 

2.81 

Takahata, Aomori 

— 

o 

2.81 

Hirosaki Park, Aomori, 

Pond (?J 

18 

3.02 

Konhei, Asamuslu 
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WATER CONTENT IN CARASSIUS . 

As will be anticipated, the percentage of water in younger Carassius 
is very high and diminishes as the body length increases, similar as in 
other mammalian bodies (Hatai, 1917). The results are shown in Table 15. 

Table 15. 


Fresh body weight 

Dry body weight 

of water 

Sex and locality 

o.:«J (bo 

0.045 ( g .) 

80.30 

> 

Tsutsui 

0.53 

0.092 

82.00 


„ 

0.82 

O '. 152 

81.34 

> 

,, 

7.38 

1.09 

77.10 

? 

No. 2. 

10.94 

2.42 

77.8.8 

t 


22.30 

5.28 

70.32 

4 

t t 

23.10 

5.80 

74.63 

4 


20.05 

1 0.19 

70.77 

t 


55.10 

13.07 

74.19 

4 

If 

57.11 

15.38 

73.07 

4 

11 


As will be seen from Table 15, the percentage of water in the male 
fish is a little higher as against that in the female fish. 

SUMMARY. 

1. The breeding season of Carassius auratus and its variety “ Iron- 
fish ” in Aomori Prefecture in 1931 was from early June to the middle 
of the same month. 

2. The sexual differentiation of gonad in Carassius auratus becomes 
distinct in about two months after hatching while that in the iron fish 
occurs one month earlier. 

3. The sex ratio of the iron fish contrary to that of Carassius auratus 
is almost one to one. In this respect the iron fish resembles more to the 
gold fish. 

4. The pH of water influence is striking to both the eggs and young 
fishes of Carassius and of iron fish. Generally, acid is more injurious 
than alkali. 

5. In the iron fish, the annual mean growth is very rapid in the first 
year and from the next year on the growth rate is gradually diminished. 

6. In Carassius , the ratio between body length and width is variable, 
and has a higher value in the fish living in the pond than those living 
in the river. 
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OBER DEN ANLAGEPLAN UND DIE KINEMATIK DER 
FROHENTWICKLUNG BEI HYNOBIUS. 1 


Von 

Isao Motomuua. 

Biologischcs Jnstitut der Kaiserlichen Tohoku IJmversitat , Sendai. 
(Mit 64 Textabbildungen) 

(Eingegangen am 14. Juni 1932j 


I. EJNLEITUNG. 

Die von Vogt (’25) eingefiihrte ortliche Vitalfarbung hat auf das heiss 
umstrittene Problem der Friihentwicklung ganz neues Licht geworfen. Die 
von ihm angegebenen Schemata fiir die Anordnung der priisumptiven 
Organanlagen sind heute zur entwieklungsmechanisehen Forsehung an 
Amphibienkeimen unentbehrlich. 

Im Jahre 1931 fiihrte ich, urn die Gestaltungsbewegungen bei der 
japanisehen Urodelengattung Hynobius mit denen bei der europaischen 
zu vergleiehen und um ferner den Anlageplan von Hynobius festzustellen, 
Markierungsversuche aus, die das Werden des oberflaehlichen Materials 
des Reims von der jungen Gastrula bis zur Sp’atneurula verfolgen sollten. 

II. MATERIAL UND MEKHODE. 

AIs Material benutzte ich Keime von Hynobius lichenatus Boulenger’ :; 
(Syn. Hynobius unnangso Tago) und Hynobius nigrescent Stkjneger (Syn. 
Hynobius fuscus Tago). 

Die Keime wurden naeh der von Vogt (’25) angegebenen Methode 
vital gefiirbt. AIs Farbstoffe wurden Nilblausulfat und Neutralrot ver- 
wendet; kleine Agarstiickchen dienten als Farbtrager. Die gefarbten 

^Contributions from the Mt. Hakkoda Botanical Laborato.y. No. 15. 

2) In meiner vorigcn Arbeit (Motomura ’30) nabm ich den Artnamen “ Hynobius unnangso 
Tago”, dessen Bestimmung ich Herrn Dr. K. Tago \erdanke, flir diese Art an. Im 
Ilerbst 1931 sprach Herr Dr T. Inukai (’32 siehe auch ’32 a) auf dem sicbenten Kongress 
der japanischen zoologischen Gesellschaft zu Kyoto die Meinung aus, dass Hynobius 
unnangso Tago ein Synonym ftir H. lichenatus Boiu.bnger und H, fuscus fllr H. nigres * 
cens Stejneger sei. Ich weiss nicht, was davon zutrifft \ber ich will spiitcr noch 
die alteren Namen benutzen, his diese nomenklatorische Krage vollig geregclt ist. 



384 


I. MOTOMURA 


Agarstiickchen wurden etwa 45 Minuten lang beim Keim verwendet. Bei 
dieser Dauer hielten sich die Farbmarken am langsten, ohne die Entwick- 
lung merklich zu schadigen. Die markiertcn Embryonen zerlegte ich in 
frischem Zustand mil einer feinen Glasnadel und Haarschlinge. 

III. KXPKK1MENTELLER TEIL. 

Experiment Nr . /. 

L. 720. Acht abwcchselnd rote und blaue Marken wurden an cinem 
Lichenatus -Keim im Stadium dos Gastrulationsbeginns in der Weise ange- 
bracht, dass sie die mit dem Aquator parallel liegende Zone in der oberen 
Halbkugel bezeiehneten (Abb. 1 u. 2). Die Invaginationsgrube trat etwa 
bei 50” unter dem Aquator auf. Nach 23 Stunden hatte der Keim einen 
ringfdrmigen Urmund. Alle Marken dehnten sich gleichmassig in der 
Riehtung der Meridiane aus und griffen in die untere Halbkugel oin (Abb. 
3). Die Furchungshbhle zeigte sic‘h als ein Hiigel des Ektoderms am 
Antipol der dorsalen Urmundlippe. Nach 43 Stunden hatte der Keim 
einen kleinen Dotterpfropf. Alle acht Marken lagen allseitig der Urmund- 
lippe an und standen radial zum Dotterpfropf (Abb. 4 u. 5). Nach 65 
Stunden war der Keim im Anfang des Neurulationsstadiums (Abb. 6 u. 7). 
Der Dotterpfropf war zum grossen Teil aufgesaugt worden. Die acht 
Marken standen radial an der kleinen Urmundbffnung, ganz wie im vorigen 
Stadium. Aber sic* naherten sich der dorsalen Mediallinie infolge der 
dorsalen Konvergenz und der ventralen Divergenz des priisumptiven Ekto¬ 
derms in dem von Vor.T definierten Sinne so sehr, dass die vier dorsalen 
Markon in die Medullarplatte aufgenommen wurden, die vier iibrigen 
Marken hingegen die gan/e hintern Oberflaehe der priisumptiven Epidermis 
einhiillten. Die Marken c und h befanden sich am inneren Rand der 
seit lichen Medullarwiirste. 

Das vordere Ende der dorsalen Marken erreichte nicht den vorderen 
Teil der Medullarwiirste. Die langgestreckten Farbmarken lagen parallel 
zur I.angsachse des Keims. Sie waren anniihernd gleich lang wie der 
oberfliichliche Teil dc^s Keims. In diesem Stadium wurde der Keim durch 
dorsalcm Medianschnitt bis zur IJrdarmhcihle gebffnet. An der vorderen 
Medullarwiirste wurde das Dachmaterial des Keims Y-fcirmig beiderseits 
antero-lateral eingeschnitten. Dann wurde die drei durch Einschnitte her- 
gestellten happen des Urdarmdachs aufgeklappt, um die innere Seite des 
Keims zu beobachten. An dem inneren Rand der Urmundlippe stiessen 
die acht regelmassig angeordneten Farbmarken an die in der Keimober- 
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Abb. 1-9. L. 720. Markieruntf der obeien Ted des Aquators f iner jun^en Gastrula. 
1: - Polansicht kurz nrch dar Markirrung. 2: Ga*trula im Piofil von rechts kurz 
na<h Maikierun«. 3:—nach 23 Stunden Profilansi* ht von recbis. 4 und 5: narh 13 
St unden. und 7:- nach fi5 Stunden. 8: — ErtffTnung des Uidartns dureh doisalen 
Mediansehnitt. 9: —weitere Preparation. I’reilegung drr v* eeral *n MesodermflSche 
durch Entfornun# des Entoderms. 
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flaehe befindlichen Marker* an und lagen anderseits unter der Dottermasse 
des Urdarmbodens verborgen (Abb. 8). Nach der Entfernung der Dotter¬ 
masse sah man, dass die inneren Rander der Markon nur ein wenig in 
das Mesoderm ubergegangen waren (Abb. 9). Und sic waren weit hinter 
den vorderen freien Rand des Mesoderms geriiekt. Hier beobachtete ich 
aueh die dorsale Konvergenz und die ventrale Divergenz des umgesch- 
lagenen Materials. 

Aus diesem Experiment erkennt man die presumptive Lage des Ekto- 
derms. Es liegt in der oberen Halbkugel des jungen Gastrulakeims. Die 
untere Grenze des Ektoderms nahert sich den unteren Randern der Farb- 
marken, bleibt aber ein wenig hbher als diese. Denn aus dem unteren 
Teil der Farbmarken muss ein kleiner Toil, der in die innere Seite des 
Keims umgesehlagen ist, herausgezogen werden. 

Aueh im Stadium der Anfangsgastrula ist die presumptive Einstiilpungs- 
grenze an der dorsalen Seite ein wenig hbher als an der ventralen. Daher 
lasst sich aus vielen gleichartigen Experimenten vermuten, dass die pre¬ 
sumptive Einstiilpungsgrenze der beginnenden Gastrula an der dorsalen 
Seite etwa 15° und an der ventralen Seite etwa 10° iiber dem Aquator 
liegt. 

1m Stadium der Neurulation wurden immer vier von den acht Marken 
auf die Medullarplatte aufgenommen. Daher entsprieht die Grenzlinie 
zwischen der prasumptiven Epidermis und der Medullarplatte dem seitlichen 
Meridian der jungen Gastrula, wenigstens im unteren Teil des prasumptiven 
Ektoderms. Alle Farbmarken lagerten sich in alien Stadien dieses Experi¬ 
ments immer meridional zur Vertikalachse der jungen Gastrula. Selbst 
im Verlauf der Medullarplattenbildung wurden diese Verhaltnisse nicht 
verandert. Das zeigt, dass die Medullarplatte nicht durch die Konkrescenz 
der beiden halben Teile sondern durch die dorsale Konvergenz und die 
ventrale Divergenz der prasumptiven Epidermis gebildet wird. 

Experiment Nr. II. 

L. 715. An cinem Lichenatus -Keim wurden acht, abwechselnd rote 
und blaue Farbmarken am Aquator und eine blaue Marke am oberen Pol 
im Gastrulationsbeginn angebracht (Abb. 10 u. 11). Nach 24 Stunden 
hatte der Keim einen ringfbrmigen Urmund. Alle Aquatormarken reichten 
allseitig an die Urmundlippe und stand radial zum Dotterpfropf (Abb. 12). 
Aber die blaue Polmarke war noch in diesem Stadium am oberen Pol 
geblieben, von der Furchungshohle nicht betroffen. Daher ist die dorsale 
Strecke von der Polmarke bis zu der dorsalen Urmundlippe kleiner als 
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Abb. 10-18. L . 7/5 Markierung des Aquators und des oberen Pols einei jungen 
Gastrula. 10:—Polansicht des Anfangsstadiums. 11:—Profilan-icht des Anfangs- 
stadiums. 12:—Nach 24 Stunden. 13 und 14:—Nach 43 Stunden. 15 und l(3:-‘Na<h 
72 Stunden. 17:—Eroffnung des Urdarms in Riickenlage d>»rch vcntralcn Median- 
schnitt. 18: —Weitere Preparation. Freilegung der Chordaanlape und dor \iscera!en 
MesodermflSche durch Entferming des Entoderm* 
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die ventrale Strecke bis zur ventralen Urmundlippe; d.h. die erste misst 
120° und die letzte 180°. Der Durehmesser des Dotterpfropfs misst etwa 
60°. Nach 43 Stunden wird der Dotterpfropf kleiner. Er misst 35“ im 
Durehmesser (Abb. 13 u. 14). Die Aquatormarken zeigten keine homerkens- 
werte Veriinderung, ausser dass sie infolge fortschreitender Einrollung am 
Urmundrand nur sehmaler als im vorigen Stadium wurden. Die dorsale 
Strecke von der Polmarke bis zur dorsalen Urmundlippe misst 120° und 
die ventrale Strecke bis zur ventralen Urmundlippe 205°. 

Nach 72 Stunden war der Keim im Anfang der Neurulation. Der 
Dotterpfropf war zum grdssten Toil aufgesaugt (Abb. 15 u. 16). Die 
oberen Reste der Aquatormarken lagerten sich radial um die kleine 
Urmunddffnung. Si<» bedeck ten bis zur halben Lange die Medullarplatte 
und neigten auch stark zu dorsaler Konvergenz und ventraler Divergenz. 
Die Polmarke lag am vorderen Ende der Medullarwiirste. 

Nach 73 Stunden wurde der Keim in Riickenlage durch ventralen 
Medianschnitt bis an die IJrdarmhohle erdffnet; dann wurde am vorderen 
Ende des Medianschnitts, von der vorderen Medullarwiirste ausgehend, 
beiderseits ein Y-fbrmiger Einschnitt gemacht, um die innere Seitc der 
IJrdarmhohle zu beobachten. An der inneren Seite der Urmundlippe 
wurden acht, abwechselnd rote und blaue Farbmarken, die den unteren, 
ungeschlagenen Teilen der Aquatormarken entsprechen, beobachtet (Abb. 
17). Und diese innen im Keim sich lagernden Farbmarken sind in ihren 
vorderen Teilen mit Entoderm bedeckt, mit Ausnahme der dorsalen 
Mediallinie des Urdarmdaehs, wo die Anlage zur Chorda liegt und die 
darauf liegende blaue Marke (a) zwischen den Nahten der beiderseitigen 
Entodermrander entbldsst ist. Am vorderen Toil der Chordaanlage bogen 
die beiderseitigen Entodermnahte von der Mediallinie ab. Dieses Gebiet 
ist die prjichordale Platte. Hier traten nicht nur die mediane blaue Marke, 
sondern auch die noch seitlieh liegenden rot<*n Marken, die in den Ab- 
bildungen mit b und h bezc'ichnet sind, auf der inneren Oberfliiche der 
IJrdarmhohle hervor. Es war mir nicht mdglich, die vorderen Teile der 
Entodermniihto noch weiter nach vorn hin zu verfolgen. Aber auf Grund 
vielfacher B<»obachtungen hallo ich es fiir mtiglich, dass das vordere Ende 
um das Gebiet der prachordalon Platte verschwindet und der vordere Rand 
des Mesoderms bier endet. 

J3urch Entfernung des Entoderms wurden alle Farbmarken an der 
visceralen Mesodermfliiche herausprapariert. Alle an der Urmundlippe 
liegenden Farbmarken setzten sich in den kranio-kaudalen Farbstreifen 
im Mesoderm fort (Abb. 18). Die drei dorsalen Marken a, b und h 
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hatten das vordere Ende erreicht, alter die fiinf iibrigen ventralen waren 
noch in der Kbrpermitte geblieben. Eine starke dorsale Konvergon/ im 
Gebiele der Kbrpermitte wurde in den fiinf dorsalen Markon beoba<*htet 
(Abb. a, b, c, h und g). Die Erweiterung der vorderen Enden der drei 
iibrigen ventralen Marken (d, e und f) ist das Zeichen ventraler Divergent. 

L. 718 . An einem 1 Achenatus-Ktnm wurden aelit Aquatormarkon und 
eine Eolmarke wie beim vorigen Exemplar im Gastrulationsbeginn ange- 



Abb. 19-25. L. 718. Markierung des Aqua tors und dos oboron Pols. 19 und 20:- 
Anfangsstadium. 21: -Nach 24 Stunden. 22: - Nach 45 Stunden. 23:—Naeh 71 Siun- 
dcn. 24:—Krbffnung des Urdarms des Neurulakeims durrh linken dorsali*n Para- 
medi inschnitt 25: Freilegung dor Chordaanlage und del visreralon Mcsodermfldche. 
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bracht (Abb. 19). Die Entwicklungsvorgange waren ganz gleich wie beim 
Keim L. 725. Nach 71 Stunden wurde bei beginnender Neurula der 
Keim durch einen dorsalen paramedianen Schnitt auf der linken H’alfte 
der Medullarplatte erdffnet und am Vorderende der Medullarplatte in 
kraniolateraler Richtung beiderseits Y-formig sorgfaltig eingeschnitten. 
Dann wurden die drei durch die Einschnitte hergestellten Lappen des 
Urdarmdachs sorgfaltig aufgeklappt. Kleine Teile der umgeschlagenen 
Aquatormarken wurden an der inneren Seite der Blastoporuswiirste be- 
obachtet (Abb. 24). Aber die meisten vorderen Teile waren zwischen das 
Ektoderm und das Entoderm eingedrungen. Nur die Chordaanlage zwi¬ 
schen den Entodermnahten des Urdarmdachs war entbldsst. Nach Ent- 
fc*rnung des Entoderms und der Dottermasse wurde die viscerale Seite des 
Mesoderms sichtbar (Abb. 35). Die Aquatormarken setzten sich in dem 
Mesoderm in longitudinalen Farbstreifen fort, die vorher durch das Ento- 
derm verdeckt waren. Die dorsalen Farbstreifen sind liinger als die ven- 
tralen. Auf der ventralen Seite reichen die Farbmarken nur bis zur Mitte 
des Mesoderms. Der vordere Teil des Mesoderms blieb ungefarbt. Aber 
in den gefarbten Teilen des Mesoderms traten die typische dorsale Kon- 
vergenz und die ventrale Divergenz deutlich hervor. Der vordere Rand 
des Mesoderms zeigte unregel massige Kontur. 

Aus den Keimen L. 725 und L . 718 wurde die Grenze der Einrollung 
festgestellt. Sie liegt annahernd parallel zum Aquator, aber etwas hoher 
als dieser. Durch den Vergleich derselben Experimente erkanntc ich, dass 
die presumptive Eage der Einstiilpungsgrenze in beiden Fallen iiberein- 
stimmend auf der dorsalen Seite etwa 15° iiber dem Aquator und auf der 
ventralen Seite 10° iiber dem Aquator ist. 

Die untere Grenze des Mesoderms liess sich aus dem Experiment nicht 
feststellen. Im Verlauf der Gastrulation dringen die markierten Teile der 
Mesodermanlage, die sich anfangs an der Randzone gelagert hatten, durch 
Einrollung in das Innere zwischen Ektoderm und Entoderm ein. Und 
die Chordaanlage verhiilt sich auch wie das Mesoderm, eben bis zu diesem 
Neurulastadium. Die Richtung der Einrollung ist immer longitudinal zur 
Kdrperachse, oder mit anderen Worten : senkrecht zur Urmundlippe. In 
der Korpermitte drangen sich die Marken an der dorsalen Mediallinie 
zusammen. Deswegen verbreiten sich die ventralen Mcsodermmarken nur 
ganz diinn, d.h. die dorsale Konvergenz und die ventrale Divergenz zeigen 
sich auch im Mesoderm. 

Das Entoderm klebt am Mesoderm fest. Und nur an der inneren 
Seite der Urmundlippe und der Chordaanlage fehlt es an Entodermfiitte- 
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rung, d.h. bis zum Neurulastadium. Aber das Entoderm selbst konnte mit 
einer feinen Glasnadel entlang den beiderseits der Chordaanlage liegenden, 
dorsalen Nahten von dem sich eng anlegenden Mesoderm ganz frei und 
leicht abgetrennt werden. Aber die Grenzlinie zwischen Entoderm und 
prachordaler Platte ist hier nicht so deutlieh bei der Entfernung des 
Entoderms, weil das erste allmahlich in die zweite iibergeht. 

Im Verlauf der Gastrulation lagert sich das Material des oberen Pols 
naher an der dorsalen Urmundlippe als an der ventralen. Aber nach dem 
Erscheinen der Medullarplatte befindet sich die Polmarke an vorderen 
Ende der Medullarwiirste und an der davor liegenden Kopfhautanlage. 
Danach lasst sich vermuten. dass der obere Pol der jiingsten Gastrula die 
Grenze zwischen dem vorderen Ende der Medullaranlage und der Kopf¬ 
hautanlage ist. 

Experiment Nr. III. 

N. 203. Eine Skala von fiinf abvvechselnd roten und blauen Marken wurde 
an einem Nigrescens-Keim im jiingsten Gastrulastadium iiber den seitlichen 
Meridian hin angebracht (Abb. 26). Nach 24 Stunden hatte der Keirn 
einen ringformigen Urinund. Eine blaue und eine rote Marke roll ten sich 
ins Innere des Blastoporus ein, und ein Toil der mittleren blauen Marke 
blieb noch am seitlichen Rand der Blastoporuslippe iibrig (Abb. 27 u. 28). 
Der untere Tcil der Skala wendete sich nach der dorsalen Seite der 
Urmundlippe. Nach 42 Stunden befand sich der Keim im beginnenden 
Neurulastadium. Die oberste blaue Marke lagerte sich am seitlichen Rand 
der Medullarplatte (Abb. 29 u. 30). Nach 48 Stunden hatte sich die 
Medullarplatte vbllig gebildet. Die auf der Oberdache gebliebenen blauen 
und roten Marken lagerten sich hintereinander an dem kaudalen Toil der 
Medullarwiirste (Abb. 31, 32 u. 33). In diesem Stadium wurde der Keim 
in der dorsalen Mediallinie aufgeschnitten und am vorderen Ende dor 
Medullarplatte links so, dass sich der linke Teil der Medullarplatte mitsamt 
dem Urdarmdaeh links aufklappen liess. Dann ward der Keim sorgfaltig 
erbffnet (Abb. 34). 

An der inneren Seite der Blastoporuswiirste beobachtete ich eine kurze 
blaue Marke, die der obere Teil der mittleren Marke c ist. An der linken 
Seite des Urdarmbodens befand sich eine blaue und eine rote Marke. die 
die unteren Marken der Abb. 26 identisch sind. 

Der Keim wurde nochmals an der linken Seite des Urdarmbodens 
entlang der in Abb. 34 gezeigten punktierten Linie erbffnet. Die; Dottcr- 
masse des Urdarmbodens wurde von dem Mesoderm abgetrennt (Abb. 35). 
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Abb. 26 35. N. 203. Lateral-ineridionale Markierung der jungen Gastrula. 26: — 
Anfangsstadium. 27 und 28:—Narh 24 Stunden. 29 und 30:—Nach 42 Stunden. 
31-35: —Nnrh 48 Stunden. 34: — Krdffnung des Urdarms durch rechten dorsalen 
Paramedian sehnitt. 35: Freilegung dor lateral**!! visceralen Mesodermflache durrh 
Anhebung des Entoderms. 

Dio mittlore blauo Marke c in dor Abb. 34 hatte sich in longitudinalen 
Farbstroifen im seitliohen Mesoderm fortgesotzt, orroiohte aber nicht das 
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vordore Ende des seitlichen Mesoderms. 

Aus diesem Experiment wurde der Anlagoplan des seitlichen Keim- 
be/.irks klar. Die Marken a und b lagerten sieh in dem Kktoderm an 
der Grenze zvvisehen Medullarplatte und Hautektoderm. Die Marke c lag 
ausschliesslich im Mesoderm. Die Marken d und e lagerten sich seitlich 
an der Wand des IJrdarmbodens. Sie sind also im Entoderm. Die Marke 
e neigte zu einer eigentiimlichon Gestaltungsbewegung und wendele sich 
in kranio-dorsaler Richtung nach dem seitlichen IJrdarmboden. Diese 
Bewegung verwickelte sieh natiirlich in die Bildung des Darmkanals. Die 
Gestaltungsbewegung des Entoderms wird im Folgenden eingehend 
analysiert. 

Experiment Nr. IV. 

N. 201 . Eine Skala von fiinf abwechselnd roten und blnuen Marken 
wurde an einem Nigrescens -Keim im jiingsten Gastrulastadium von der 
dorsalen Urnuindlippe bis zum ventralen Aquator auf der Mittellinie der 
unteren Keimhalfte angebracht (Abb. 3b). Abb. 37 zeigt die untore Polan- 
sicht kurz nach der Markierung. Etwa 22 Stunden nach der Marki(*rung 
hat der Keim hufeisenfbrmigen Urmund. Die lialfte des dorsalen 'Foils 
der Skala ist sehon von der dorsalen Urmundlippe bedeck I (Abb. 38). 
Nach 46 Stunden erreieht der Keim bereits das Stadium der jiingen 
Neurula. Ein Rest der letzten blauen Marke blieb am ventralen Rand 
des geschlossenen Urmunds (Abb. 39). In diesem Stadium wurde der 
Keim durch dorsale Sehnitte wie beim Keim des Experiments Nr. I eriiffnet 
(Abb. 40). 

Die vier Farbmarken lagen in den hinteren zwei Dritteln des Urdarm- 
bodens richtig geordnet. Die blaue Marke*, die sich anfang* am ventralen 
Aquator befunden hatte, kam jetzt an den ventralen Urmundrand. Die 
Teile der Marken d und e waren natiirlich in das ventrale Mesoderm 
umgeschlagen. Die vorderste Marke, die sich im Anfang dieht hinter der 
dorsalen Urmundlippe befand, verlangerte sich sehr merkwiirdig gegen die 
seitlichen Wiinde des Urdarms hin. Auch die ihr folgenden Marken zeigten 
die gleiche Tendenz, obwohl sie in den hinteren Marken nicht deutlicher 
ist. Noch eine hellblaue Marke wurde vor der vorderstc*n blauen Mark 
a gefunden. Sie wurde niemals am Anfang planmassig angelegl, sondern 
vielleicht zufallig bei der Einrollung der dorsalen Urmundlippe von der 
vordersten blauen Marke a auf das dariiber gelagerte Material der dorsalen 
Urmundlippe oingedriickt. Diese hellblaue Mark** verlangerte sich auch 
lateralwarts sehr deutlich. Der ungefarbte, zwischen der hell- und dunkel- 
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Abb. 36 10. N. 201. Mediant* Markieiung auf dem Dotterfeld d» r jungen Castrula. 

36:—Anfangsstadium im Profil von links. 37:—Anfangsstadium. Untere Polansicbt. 

38:—Nach 22 Stunden 39: Nach 16 Stunden. 40. Eroffnm g des Urdarms durch 
Medianschnitt. 

blauen Marke liegende Teil des vorderen Darmbodcns ist vermutlich die 
Keimoberflache, die sich wohl im friihesten Gastrulastadium in der Nahe 
des Urmundes gelagert hat und in der Zeit der Markierung durch den 
Einrollungsvorgang schon in die Hlastoporen eingedrungen ist. 

Aus diesem Experiment Hess sich Folgendes feststellen. An der ventra- 
len Mediallinie ist die Grenze der Einrollung nicht hoher als das obere 
Ende der blauen Marke e, d.h. etwa 10° iiber dem Aquator der ventralen 
Seite. Und die presumptive Grenze zwischen dem Dotterentoderm und 
dem ventralen Mesoderm liegt in der Mitte der roten Marke d, d.h. etwa 
20° unter dem Aquator. Die Bewegungsriehtung des prasumptiven Ento¬ 
derms ist ganz verschiedon von der des Ektoderms und des Mesoderms. 
Wir erkannten schon aus obigen Experimented dass sich das presumptive 
Ektoderm ebenso wie das Mesoderm bei der Gastrulation in meridionaler 
Richtung verlangert. So ist es nicht l>eim Entoderm. Das Material des 
prasumptiven Urdarmbodens verlangert sich senkrecht zur Mediane des 
Reims. Diese Tendenz ist bemerkenswert deutlich an dem im friihesten 
Gastrulastadium sich einrollenden Teil, der sich im Medullarplattcnstadium 
am vorderen Drittel des Urdarmbodens im Kopfdarmboden lagert. Die 
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Gestaltungsbewegii ng der seitlichen IJrdarmwand wurde im folgenden 
Experiment festgestellt. 


Experiment Nr. V. 

N. 210. Serbs abweehselnd rote und blaue Marken wurden an einem 
Nigrescens-Keim im friihen Gastrulastadium sechseckig rings urn die dorsale 
Urmundlippe so angelegt, class cine blaue auf die dorsale Urmundlippe 
kommt, zwei rote sich beiderseits von dieser blauen Marke lagern und die 
noch cine iibrigleibende rote Marke in das Dotterfeld auf dem vegetativen 
Pol zu liegen kommt, so dass die iibrigen zwei blauen Marken symmetrisch 
zu beiden Seiten der letztgenannten roten Marke stehen (Abb. 11). 

Etwa 22 Stunden nach der Markierung hatte der Keim einem hufeisen- 
formigen Urmund. Die erste blaue und die anfiinglich erwahnten zwei 
roten Marken waren unter die* Urmundlippe eingerollt. Und die drei 
Marken, die am vegetativen Pol waren, blieben auf dem Dotterpfropf iibrig 



Abb. 41-44 N. 210. Markierung des Entodermbereirhs. 41:—AnfangnsUdium. 
42:—Nach 22 Stunden. 43 Nach 48 Stunden. 41: — Eroffnung des Urdarms im 
Neurulastadium durch doisulen Medianschnitt. 

fAbb. 42). Etwa 48 Stunden nach der Markierung befand sich der Keim 
im friihen Neurulastadium. Alle Marken waren ini Keim verborgen. In 
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diesem Stadium wurde der Keim dureh dorsalen Schnitt vvie gewbhnlich 
erbffnet Al)l>. I I). Dio rote Marke, dio sioh anfangs am vegetativen Pol 
befand, war jetzt am hintoron Rand des Urdarmbodens. Die beiden blauen 
Markon, dio sioh boidorseits der ebon genannten roten Marke lagerten, 
befand sich in der Nahe der roten Pdmarke und batten sioh in dorso- 
lateralor Riehtung bis an die dorsalen Entodermniihte verlangert. 

Dio blaue Marke, die anfangs auf der dorsalen Urmundlippe war, be 
fand sioh am vorderen Ende des Urdarmbodens und zeigte eine mcrk- 
wiirdige soitlioho Verliingerung, ganz wie beim Vorsuoh Nr, IV. 

Dio beiden anfangs in der Nahe der blauen Marke der Urmundlippe 
befindliohen roten Markon zeigten grosse Ausdehnung. Sio erroichten die 
Entodermriinder dor dorsalen Entodermniihte und umgaben den vorderen 
Teil der vorderen blauen Marke, mit Ausnahme der vorderen Mediane 
des Kopfdarms, wo das Material entwedor rot odor blau gefarbt war. 
Hier lag die sogenannte priichordale Platte. Die Ausdehnung dieser roten 
Markon ist drei- odor vierfach grosser als die der blauen Marke. Die 
Riehtung der Erweiterung dieser roten Marken ist vermutlioh seitlioh und 
kranio-lateral. 

Dieser Versuch zeigt, dass die moisten Toilo dor Urdarmwand aus dem 
Material des durch die seohs Marken markierten Bereichs gebildet werden. 
Die Gestaltungsbewegungen des Entodermmaterials sind ganz versohieden 
von denen des Ektodcrms und des Mesoderms. Das Material des Urdarm¬ 
bodens erweitert sioh sonkreoht zur Mediane. Aber an den seitlichen 
Random des priisumptiven Entoderms hist sich das Entoderm von dem 
Mesoderm an der Grenze beider Keimblatter und fiihrt selbststiindige 
Bewegungon aus, d.h. der Randteil des priisumptiven Entoderms breitet 
sioh diinn in seitlioher und kranio-lateraler Riehtung aus und bildet das 
Daoh und die Seitenwand des Urdarms. Dio vordere Wand des Kopf¬ 
darms, mit Ausnahme des mediane Toils, wird daher zu*# grbssten Teil 
aus dem Material des seitlichen Randes des priisumptiven Entoderms 
gebildet, und hier ist die Ausbreitung des Entodermmaterials vor allem 
bed eu tend. 

Die priichordale Platte, der mediane 1 Teil des Kopfdarms, wurde in 
diesem Versuch nicht markiert. Aber es ist zu vermuten, dass sie aus 
dem medianen Material zwischen der Chordaanlage und dem vorderen 
Ende der Anlage des Urdarmbodens bildet wird. Und hier Ibsen sich 
beide Keimbliittor nicht voneinander. Denn die* priichordale Platte liegt 
an dem Verbindungspunkt des Mesoderms und des Entoderms. 



ANLAGEPLAN UNO KINKMAT1K DEK FRUHENTWICKLUNG BEl HYNOBIUS 397 


Experiment Nr, VI, 

Ij. 722 . Sechs abwechselnd rote und hlaue Markers wurden einem 
Lichenatus -Koim im jiingen Gastrulasiadium seehseckig auf dor dorsalon 
Urmundlippe angelegt. Die untere blaue Marke bezeiehnete die dorsale 
Urmundlippe dieses Stadiums (Abb. 15). 

23 Stunden nach dor Markierung waren die untcTen drei Markon, tine 
blaue und zwei rote, ins lnnere oingerollt (Abb. 46). Nach 13 Stunden 
hatte der Keim einen kleinen Dotterpfropf. Die oboren drei Marken, eine 
rote und zwei blaue, drangten sich radial uni die Blastoporen zusammen 





Abb. 45-49. L. 722. Markierung im Bereieh der dorsalen Urmundlippe. 15: - 
Anfangsstadiutn. 46: Na< h 23 Stunden. 47:—Nach Stunden. 48:—Nach 72 

Stunden. 49:—Eroffnun^ des Urd'.rms in Btickeiiage durch ventralen Medianschnitt. 
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(Abb. 17). Nach 72 Stunden war der Keim im Neurulastadium. Die 
oberen drei Marken, die sich im vorigen Stadium am Blastoporenrand 
befanden, lagerten sich im hinteren Bereich der Medullarplatte (Abb. 48). 

Der Keim wurde in diesem Stadium in Riickenlage durch ventralen 
Medianschnitt des IJrdarms eroffnet. Das vordere Ende des Keims wurde 
nach seitlichen Einschnitten aufgeklappt. Striche von drei Marken, von 
einer rolen zentralen und zwei blauen seitlichen, wurden an der dorsalen 
Innenwand des Blastoporus gefunden (Abb. 49). Sie gingen in die Ober- 
flache der im hinteren Bereich der Medullarplatte gefundenen drei Marken 
iiber und tauchten anderseits unter das Entoderm des Urdarmdachs. 

Aber weil die Chordaanlage im Neurulastadium noch nicht mit Entoderm 
beklebt war, sah man die linke blaue Marke, die in diesem Fall auf die 
Chorda zu liegen kam, zwischen der Eiicke beider Enlodermnahte hindurch. 
Die unterste blaue Marke des Gastrulakeims fand sich auf der vorderen 
Mediane des Urdarmbodens. Sie war in diesem Fall durch den ventralen 
Medianschnitt mit der Dottermasse beiderseits geteilt. Und kranio-dorsal 
von ihr wurden zwei rote, bedeutend erweiterte Marken beobachtet. Es 
sind die roten Marken, die anfangs beiderseits der untersten blauen Marken 
angelegt worden waren. Sie naherten sich durch seitliche Erweiterung 
des Entodermmaterials den dorsalen Entodermnahten, aber gelangten nicht 
bis zu ihnen. 

Der vordere Teil der Chordaanlage, die prachordale Platte, blieb unge- 
fiirbt. Ihre Lage ist vermutlich in dem zentralen ungefarbten Bereich der 
oben erwahnten sechs Marken. 

Aus diesem Versuch wurde das Lageverhaltniss der Chordaanlage und 
des vorderen Urdarmbodens festgestellt. Auf der dorsalen Mediane liegen 
die Anlage der Chorda und der prachordalen Platte in einer Reihe. Die 
Chordaanlage ist in der Hohe des Aquators. Der obere kleine Bereich 
der Urmundlippe begrenzt den vorderen Teil des Urdarmbodens, und zwi¬ 
schen ihnen lagert sich die Anlage der prachordalen Platte. Daher ist 
die prachordale Platte das Verbindungsstiick zwischen dem Mesoderm und 
dem Entoderm. An diesem Punkt stehen die hciden Keimbliitter, die sich 
bei den Cestaltungsbewegungen nach verschiedenen Richtungen ausdehnen, 
in Verbindung. 


Experiment Nr . VII. 

L. 701. Eine Skala von fiinf abwechselnd roten und blauen Marken 
wurden an einem Lichenatus-Keim im jungen Gastrulastadium von der dor¬ 
salen Urmundlippe bis zur Nahe der oberen Pol auf der dorsalen Mediane 
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Abb 50-54. L. 701. Porsal-meridionale Markiening eincr jungcti Gastrula. 50 und 
51:—Anfangsstadium. 51: — Profilansicl.t von rechts. 52: Nach 48 Stunden. 53: — 
Nach 78 Stunden. 54:—Eroffnung des Urdarms in Rtickenlago durch ventralon 
Mediansehnitt. 

angobracht (Abb. 50 u. 51). Etwa 48 Stunden nach der Markicrung war 
der Keim im I)»tterpfropfstadium. Die untere blaue und rote Marke 
waren ins Innere eingerollt (Abb. 52). Ncteh 78 Stunden begann der Keim 
seine Neuruiation. Die oberste blaue Marke verlangerte und lagerto sich 
in der Medullarplattc. Ein Teil der oberen roten Marke fand sich am 
Hinterende der Medullarplatte (Abb. 53). In diesem Stadium wurde der 
Keim in Riickenlage durch ventralen Mediansehnitt des Urdarms eroffnet 
und das vorderc Ende des Reims nach seitlichen Einschnitten dorsal auf- 
geklappt (Abb. 54). Zwischen den beiden dorsalen Entoderinnahten fand 
sich die blau gefarbte Chordaanlage. Aber das hintere Ende der Chorda- 
anlage wird aus dem Material der roten Marke, die in die obcrflachlichc 
rote Marke der Medullarplatte iibergeht, gebildet. Die prachordale Platte 
selbst wird von der unteren roten Marke eingenommen. Diese rote Marke 
zeigte auch merkliche seitliche Ausdehnung. Die anfangs auf der Urmund- 
lippe angelegte blaue Marke fand sich am vorderen Urdarmbodcn. Sie 
zeigte auch merkliche seitliche Verbreitung. 

Die Ergebnisse dieses Versuchs sind folgende: die prachordale Platte 



400 


I. MOTOMURA 


geht oben in die Chordaanlage selhst und unten in den Urdarmboden 
iiber. Sie dehnt sich seitwarts nahe dem Urdarmboden und kranio-kaudal 
nahe der Chordaanlage aus. Der Ubergangspunkt zum Entoderm ist nieht 
bestimmbar, denn hier geht das Mesoderm allmahlich in das Entoderm 
iiber, und hier bilden wenigstens an der dorsalen Mediane das Entoderm 
und das Mesoderm bis zum Neurulastadium niemals eine Spalte. Daher 
sind die dorsalen Entodermnahte, die vermutlich die letzte Spur der ober- 
flachlichen Spalten beider Keimblatter darstellen, hier nieht mehr sichtbar, 
hingegen trennen sich am seitlichen Teil des Keims beide Keimblatter 
wahrend der Gastrulation. 

IV. ERGEBMSSK UNI) NKSPKECHUNG. 

Aus obigen Versuehen wurde dor Anlageplan der jungen Gastrula fest¬ 
gestellt. Er ist bis zum Spatneurulastadium giiltig. Fiir weiter gehende 
Kntwieklungsstadien miisste dieser Plan noeh in einigen Punkten erganzt 
werden, denn die Versuehe wurden diesmal am Ende des Neurulastadiums 
eingestellt. 

Die Einstiilpungsgrenze wurde aus Versuehen Nr. I, 11, Ill, VI und 
VII festgestellt. Sie liegt in der oberen Halbkugel der jungen Gastrula, 
etwa 15° oberhalb des Aquators an der dorsalen Seite und 10° an der 
lateralen und ventralen Seite. Aus dem oberhalb dieser Grenze liegenden 
Keimbezirk werden die Medullarplatte und die iibrigen Teile des Ektoderms 
gebildet. Die presumptive Lage der Medullarplatte wurde aus den Ver¬ 
suehen Nr. I, II und III festgestellt. Versuch Nr. 11 zeigt, dass der animale 
Pol des jungen Gastrulakeims dem vorderen Ende der Medullarwiirste 
entsprieht. Und aus Versueh III wissen vvir, dass die lateralen Meridiane 
die laterale Grenze der Medullarwiirste beriihren. Ferner wurden in Ver¬ 
suehen Nr. I und Nr. II die dorsalen vier Marken immer im Bereieh der 
Medullarplatte gefunden. Daher liegt die presumptive Anlage der Medullar¬ 
platte auf der ganzen dorsalen Seite im Bereieh des prasumptiven Ekto¬ 
derms. Aber sie gehen niemals ventral in die lateralen Meridiane iiber. 

Die Grenze zwisehen dem Mesoderm und dem Entoderm wurde durch 
die Versuehe Nr. II, III und IV festgestellt. Sie liegt etwa 20° unter dem 
Aquator auf der lateralen und ventralen Seite. Auf der dorsalen Seite 
trennen sich beide Keimblatter nieht voneinander. Sie stehen durch die 
prachordale Platte in Verbindung miteinander. Die prasumptiven lateralen 
und hinteren Hander des Entoderms spalten sich von dem unteren Hand 
des Mesoderms ab. Das Material des seitlichen Entodermbezirks bildet 
das Dach und die Seitenwand des Urdarms. Die Spaltlinie des Entoderms 
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und des Mesoderms entspricht den am Urdarmdach befind lichen Entoderm- 
nahten des Neurulakeims. Daher enden diese Entodermnahte in der Nahe 
der prachordalen Platte. 

An der Randzone der jungcn Gastrula liegt das presumptive Mesoderm, 
und zwar zwischen den oben erw'ahnten prasumptiven Grenzen gegen das 
Ektoderm und das Entoderm. An der dorsalen Seite des Mesodermbezirks 
liegt die presumptive Chorda. Aus den Versuchen Nr. VI und VII wurde 
festgestellt, dass auf der dorsalen Mediant* die priisumptive Chorda und 
praehordale Platte in einer Reihe licgen, d. h. in der l lobe des Aquators 
die Chorda und damn ter, zwischen der Chorda und dem oberen Hereich 
der die vordere Wand des Kopfdarms bildenden ITrmundlippe, die pr’a- 
chordale Platte. Die Einteilung dieser Keimbezirke ist sehwer, jedoch ist 
aus den Versuchen Nr. II, VI und VII als anniihernd erwiesen nnzusehen. 



Abb. 55 und 56. Anlageplan der friihen Gastrula von Hynohius. PrSsumptive 
Keimbezirke nach der Ergebnissc* dc*r Markiorungsvrrsuche. 55 von dorsal, 56 von 
links gesehen. CH:~-Chorda. ENT:—Entoderm. MKS:- Mesoderm. MP: Medul- 
larplatte. PC:—prfichordnle Platte. 0 3 : Aquator. 50°:- presumptive Invaginations* 
grube. 

dass die Chorda im Bereich des dorsalen Mesoderms bis zu 10" unler dem 
Aquator liegt und die praehordale Platte von 10° ab bis zu 30" unler dem 
Aquator. Die Breite dieser Anlagen ist gleich und entspricht vermutlich 
der einen Farbmarke. Sie betriigt etwa 30°. 

Die Schemata der Anordnung der prasumptiven Organanlagen des 
Hynobius -Keims zu Beginn der Gastrulation zeigen Abb. 35 und 56. Das 
gleieht am meisten dem VooT’schen Schema beim IJrodelenkeim. A her 
in einigen Punkten weicht es von dem des europiiischcn IJrodelenkeims 
ab. Erstens ist das Gebiet des Ektoderms, insbesondere auf der ventralen 
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Seite, beim Hynobius kleiner als bei diesem. Die untore Grenze des 
Ektoderms liegt beim Hynobius -Keim immer in der oberen Halbkugel der 
jungcn Gastrula, dagegen nach dem VoGT’schen Schema in der unteren 
Halbkugel der beginnenden Gastrula. Zweitens ist das Gebiet der prasump- 
tiven Medullarplattenanlage bei jenem auch kleiner als bei diesem. Nahmlich 
beim Hynobius stimmt die Grenze zwischen der prasumptiven Medullatplatte 
und dem pras. Hautektoderm mit den seitlichen Meridianen iiberein, beim 
europaischen IJrodelen hingegen dehnt sie sich ventralw’arts iiber die 
seitlichen Meridianen hinaus. Und drittens ist die Breite der pras. Chorda- 
anlage beim Hynobius-Keim auch klein. Im Voc/r’sehen Schema reicht 
der obere Teil der Chordaanlage beiderseits fast bis an die seitlichen 
Meridiane. Aber nach meine Beobachtungen bedeekt die Chorda des 
Neurulakeims immer nur cine Marke der ganzen E'ange nach. Die Breite 
einer Marke misst ctwa 30°. Der von Vogt erwahnte grossen Unterschied 
in der Breite beim oberen und unteren Teil der Chordaanlage habe ich 
nicht beobachtet, wenigstens nicht bis zum Ende der Neurulation. 

Der Bereich des pras. Entoderms ist bei Hynobius gross. Er ahnelt 
dem Bereich der friihen Blastula von Triton und Pleurodeles (Vogt ’29 
Abb. 1 c). Das ist wohl auf die Menge des Dotters zuriickzufiihren. 

Die Bewegungsrichtung der Keimblatter ist ganz gesetzmassig. Das 
Ektoderm dehnt sich bei der Gastrulation anfangs in meridionaler Richtung 
aus. Eine horizontal angelegte Serie von Farbmarken in der oberen 
Halbkugel liegt spaterhin meridional nebeneinandcr um die vertikale Achse 
der Anfangsgastrula. Und am Ende der Gastrulation werden diese Marken- 
streifen an der dorsalen Seite dichter als an der ventralen. Mit anderen 
Worten, das Material des Ektoderm sammelt sich an der dorsalen Mediane, 
und deswegen werden die ventralen Streifen zerstreut. Kurz, die Gestal- 
tungsbewegung des Ektoderms ist bis zum Ende der Neurulation eine 
zusammengesetzte Bewegung in meridionaler und latitudinaler Richtung. 
Am Anfang der Gastrulation ist die Bewegung des Ektoderms aussdhliess- 
lich meridionale Streckung. Erst am Ende der Gastrulation wird die 
Kondensation des Materials an der dorsalen Mediane sehr bemerkenswert. 
Das ist die dorsale Konvergenz von Vogt. 

Die Lageverhaltnisse der pras. Medullarplatte bis zur voll ausgebildeten 
sind, wie folgt: Das vordere Ende der Medullarplatte beriihrt den oberen 
Pol der jungen Gastrula, das hintere Ende die untere Grenze der pras. 
Medullaranlage nach dem darunter liegenden Mesoderm hin. Die seitlichen 
Medullarwiirste beriihren die seitlichen Meridiane. Die presumptive Lage 
der Riickenrinne der Medullarplatte entspricht der dorsalen Mediane der 
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jungen Gastrula. Eine Verwachsung der symmetrischen halben Teile dcr 
pras. Medullarplatte an der dorsalen Medians liegt nicht vor. Daher ist 
Gestaltungsbewegung der Medullarplatte von Hynolnus nicht Konkrescenz, 
sondern Konvergenz. 

Hier mochte ieh etwas zu deni von Goerttler definierten Wort 
„Schwenkung“ bemerken. Er sagt: „ Unter der Bezeichnung , Schwen- 
kung \ die ich fur diese Art der Materialversehiebung der prasumptiven 
Medullaranlage gebraucht habe, soil verstanden werdcn : der Ortswechsel 
eines in sich geschlossenen Verbandes um einen festen Punkt herum, der 
in ihm selbst liegt (Schwenkung im militarischon Sinn) " (Goeritj.hr ’25 
S. 509). Und er vergleicht einige Schemata mitoinander. Von diesen 
Schemata bin ich aber nicht befriedigt, wenigstens nicht fur Hynobius und 
auch nicht fiir Rhacophorus , woriiber ich schon im Jahre 1930 beriehtet 
habe. 

Wie oben erw’ahnt, sind die zwei Richtungen der Gestaltungsbewegungen, 
die meridionale Streckung und die dorsale Konvergenz, gem’ass den Knt- 
wicklungsstadien in ihrer Starke verschieden. Die wirkliche Gestaltungs¬ 
bewegung ist nichts anderes als die Resultante der beiden Bewegungen. 
Nun wollen wir zunaehst die meridionale Streckung erwiigen. Dazu miisscn 
wir in erster Linie ihre Richtlinie, oder mit anderen Worten die Achse 
feststellen. Ich setze die Achse durch den animalen Pol, der bei der 
Entwicklung nach vorn hin wandert, und das Zentrum dor Keimkugel. 
Beim Urmundschluss streckt sich* das Material der obcren Keimhalfte 
allseitig gleichtnassig nach dem imaginaren unteren Keimpol hin. Das 
bedeutet die meridionale Streckung des Materials gogen die Keimachse hin. 

Um dies zu erklaren, will ich hier einige Schemata geben. An der 
Oberflache einer Kugel zeichnen wir eine horizontale Zone, die von 10° 
bis 45° iiber dem Actuator liegt. Diese Zone ist durch acht schraffiorto 



Abb 57-59. Sc hema. Es sseigt die drei Stadu n dvr nvndionalen S rcckung des 
Kktoderms. Weitere Erdrterung im Text. 
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Muster urn die Kugel herum niarkiert. Nun vermuten wir, dass dieser 
ganze 10’ iiber dem Aquator liegende Teil sein Gebiet so gleichm’assig 
ausdehnt, dass die anfangs bei 10° iiber dem Aquator liegende untere 
Grenze bis 30° unter dem Aquator sinkt. Dann mag die Vermehrung 
des Gebiets um etvva 1.8 mal grosser als im Anfang sein *. Die obere 
Grenze der Zone erreiche 3T iiber dem Aquator, weil die Polbezirke auch 
nach der Voraussetzung im Anfang ihr Gebiet im gleiehen Verhaltnis 
erweitern. Vermuten wir in gleieher Weise einen Gebietszuwaehs bis zu 
70° unter dem Aquator, so erreicht die obere Grenze etwa 18° iiber dem 
Aquator, und diesmal wird die Vermehrung des Gebiets etwa das 2.3fache 
betragen. 

Mit diesen Schemata wird die meridionale Streckung der schraffierten 
Muster als Ergebnis der gleichmiissigen Vermehrung des Gebiets betrachtet. 
Beim Vergleich dieser Schemata mit meinen oben erwahnten Beobachtungen 
(Experiment Nr. 1, Abb. 3 und 5) linden wir grosse Ahnlichkeit unter den 
Bildern. Vorausgesetzt, dass ich cliese Schematisierung nicht falsch beur- 
teilt habe, so ist die Gestaltungsbewegung des priisumptiven Ektoderms der 
jungen Gastrula zum gross ten Teil eine dureh im gleichmiissigen Verhaltnis 
erfolgende Gebietsvermehrung bedingte meridionale Streckung. 

tJher die Achsenfrage habe ich schon an oinem Anurenkcim Rhacophorus meine 
Ansicht vcroftcntlicht (Motomuka ’30). Bei Rhacophorus habe ich aus die Messung 
und Markicrung festellt, dass drei Punkte, der oherflfichliche Mittelpunkt des Dotter- 
pfropfs und der der Furchungshohle, oder tier obere Pol tier jungen Gastrula, und das 
Zentrum der Keimkugel, eine Achse bilden konnen, die annahernd mit der vertikalen 
Athse des Blastulakeims und obenso der Langsach.se des ausgebildeten Embryos tiber- 
einstimmt, und dass der Urmundrand, dessen Material immer dureh Einrollung erneuert 
wird, sieh an den vermutlichen unteren Pol gleichmassig von alien Seiten herandrangt. • 
Gegen meine Ansicht erhob Ichikawa (*31) auf Grund seiner Beobachtungen an der 
gleiehen Art folgenden Einwanden. Er sagt: “The dovvngrowth of the dorsal lip is 
much quicker than the converging development of ull the other parts of the margin 
of the blastopore and consequently the pore closes at the point midway between the 
original yolk pole and the spot where the ventral lip first appears ”. In seiner Ver- 
dffentlichung nimmt er den bestimmten Eunkt des Dottermaterials als llichtpunkt des 
Urmundschlusses, ohne die Lage des animalcn Pols zu berlicksiehtigen. Und femer 
wurde in seinem Vortrag der genannte Dotterpol dureh keine Methodc markieit. Er 
schloss nur aus der Differenz der oberfliichlichen Strecke der Aquatormarken auf die 

' Der Kreis x~-\-y 2 - r 2 rotiert um x- Achse. Da der Oberflacheninhalt S der Zone des 

ist, so fo'gt: 

S + ^ ^ ) ]* dx--2n£ rdx-~2nr(h—a ) 


Rotationskorpers, Kugel, gleich dem bestimmten Integral 
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Strecke der Bewcgung des Urmunds. Das scheint mir nicht das rechte Mittel zu sein, 
um die Achsenfrage zu losen. Schon aus dem Gesiehtspunkt der Praxis diirfte es hesser 
sein, wenn der animale Pol, der sich wahrend der Gastrulation und Neurulation an der 
Oberflftehe der Keimkugel befmdct, als Uirhtpunkt der Keimaehse festgesetzt wird. 
Doch mttssen zur genauen Beurtcilung erst noth die ausftihrlichen Untersuehungen von 
M. Ichikawa abgewartct werden. 

Auch die Neurulation ist geometrisch-schematisch erkliirbar. Auf den 
seitlichen Meridianen setzen wir vom oberon Pol bis zu 10° iibor dem 



Abb. 60-63. Schema. Eh zeigt die Gestaltungsbewegung des Ektoderms bei der 
Gastrulation und Neurulation. 69:—Anfangsstadien. 61: Meridonale Streckung des 
Ektodermbereirhs. 62: -Mitwirkung der meridionalen Streckung und der dorsalen 
Konvergenz. Die Pfeile zeigen die zwei Komponcnten, die meridionale und die 
latitudinalo, und ihre Resultanten. 63:—Bewegung^richtung des Materials der pra- 
sumptiven Medullaranlage bei Gastrulation und Neurulation geometriseh-seheinatiseh 
betrachtet. d.h. die Resultanten der meridionalen und Ltitudinalcn Bewegungen. Die 
L&nge der Pfeile zeigt annShernd die Starke der Bewegungen. 


406 


I. MOTOMURA 


Aqualor eine schmale meridionale Zone, die die presumptive Medullarwurste 
bedeutet und in den Schemata durch schraffierte Streifenmuster gekenn- 
zeichnet ist, voraus. Wir vermuten auch, dass die unteren Ende der Zone, 
die sich durch die ganzen Bezirke der Zone nach den oben erwahnten 
Prinzipien meridional hin erstrecken, bis zum unteren Pol reichen. Nun 
bekommen wir ein der Neurula ahnliches Bild, wenn der eine von dieser 
Zone halbierte Teil der Kugel in seiner Breite um eine Hjilfte, oder 90\ 
konvergiert, und die andere Halbkugel in ihrer Latitude so divergiert, dass 
sie sich um eine Halfte der anfiinglichen Breite, d. h. bis zu 270°, vermehrt. 
Die Hesultanten der zwei Bewegungsrichtungen, die meridionale und die 
latitudinale, stimmen mit den von Goerttler gegebcnen Schemata der 
[bewegungsrichtungen iiberein (Goerttler ’25, Abb. 6 ; und ’27, Abb. 2). 
Auch das auffallendc Lan gen wachs turn der Aquatorbezirke der prasumptiven 
Medullatplatte, das Goerttler (’25, Abb. 8) in seinen Schemata zeigte, 
wild nur durch die meridionale Streckung leicht erklarbar, die durch im 
gleichen Verhaltnis erfolgte Gebietsvermehrung bedingt ist. Beziiglich der 
Resultate meiner Beobachtungen scheint es mir nahezu richtig zu sein, 
dass die Material verschiebung des Ek tod or ms bei der Gastrulation und 
Neurulation das Ergebnis zweier selbststandiger Bewegungen, der meri- 
dionalen sowie dor latitudinalon, ist. 

Das Mesoderm rollt sich bei der Gastrulation unter das Ektoderm ein. 
Am Ende der Neurulation wird der grbsste Teil des Ektoderms mit Meso¬ 
derm gefiittert, mit Ausnahme des kranio-ventralen Toils. Die Fiitterung 
ist auf der dorsalen Seite starker als auf der ventralen. Die Bewegungs- 
richtung des Mesoderms ist anfangs meridional. Die Aquatormarken sind 
an der umgeschlagenen Seite des Mesoderms als parallele Streifen der 
Farbmarken zu sehen. Aber die Streifen sind auf der dorsalen Seite 
diehter als auf der ventralen. Das Mesoderm zeigt nahmlich auch dorsale 
Konvergenz und ventrale Divergenz. 

Die Beziehungen zwischen Mesoderm und Entoderm sind nieht einfaeh. 
An der dorsalen Mediane, wo die presumptive Chorda liegt, stehen beide 
Keimblatter miteinander in Verbindung. Diese Verbindung wurde bisher 
priichordale Platte genannt. Aber an der lateralen Grenze ltisen beide 
Keimblatter, wenn die Gastrulation fortschreitet, ihre anfiingliche Ver¬ 
bindung. Die Spaltlinie zwischen Mesoderm und Entoderms auf der Seite 
des Mesoderms liegt vermultlich im vorderen Teil des eingerollten Meso¬ 
derms ; und die auf der Seite des Entoderms ist die dorsalen Entoderm- 
nahte der Neurula. 

Die presumptive Lage des Mesoderms und der Chorda ist der Keimachse 



ANLAGEPLAN UND KINEMATIK DER FKUHENTWICKLUNG BEI HYNOBIUS 407 


entgegengesetzt, d. h. der kiinftigen Langsachse des Embryos im Friih- 
gastrulastadium entgegen. Das kiinftige hintere Ende des Mesoderms 
und der Chorda entsprieht der oberen Grenze der Mesodermanlage des 
jungcn Gastrulakeims. Und der vordere Teil lagert sich darunter. 

Die Weise der Gastrulationbewegung des Entoderms ist sehr interessant. 
Das Entoderm rollt sieh anfangs von der dorsalcn Urmundlippe, die etwa 
50’ unter dem Aquator auftritt, ein. Weil nun der dorsale Teil der In* 
vaginationsstelle noeh zum Bereich des Entoderms gehbrt, dringt das 
presumptive Entoderm zuerst ins Keiminnere ein. Dieser Teil entsprieht 
dem vorderen Urdarmboden. Die Einrollung schritt beim Entoderm von 
vorn nach hinten fort. Die lateralen Ran der des prasumptiven Entoderms 
gehen von der Grenzen nach dem Mesoderm hin aus. Sic wickeln konkav 
die Urdarmhbhle ein. Beide seitliche Riinder des Entoderms begegnen 



Abb 64. Schema Bewegungsrlchtung und ihr<» Starke des Entodermberelchs. Der 
innere Kreis zeigt die presumptive Entodermbereich in der Oberfache der jungcn 
Gastrula. Die ausst're Kontur zeigt die an der dorsalen Entodermnahte erdffnete 
Innenflache des Urdarms. 

einander an der dorsalen Mediane des Embryos und bilden die dorsalen 
Entodermnahte des Neurulastadiums. Diese Entodermnahte venvachsen 
im Schwanzknospenstadium miteinander. Daher bedeutet die Verwachsung 
nur beim Entoderm cine Gestaltungsbewegung, beim Ektoderm und Meso¬ 
derm hingegen nicht. Aber die Verwachsung der Entodermnahte ist nieht 
mit der Konkrescenz in den alten Theorien zu verweehseln, denn nach 
der Theorie der Konkrescenz bedeutet sie eine Verwachsung der zwei 
anfangs getrennt gefundenen symmetrischen Halffei* 

Die Ausdehnung und Zusammenziehung in meridionaler Richtung sind 
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beim Entoderm nicht bedeutend. Aber die Ausdehnung senkrecht zur 
Mediane ist sehr betrachtlich, besonders im vorderen Teil des Urdarm- 
bodens. Im kranio-lateralen Teil des prasumptiven Entoderms breitet sich 
das Material sehr stark antero-lateral aus. Im hintcren Teil ist die Richtung 
meist lateral. Die diinne, dorsale und laterale Urdarmwand wird meist 
aus den lateralen Bezirken des prasumptiven Entoderms gebildet. Kurz, 
der wesentliche Punkt der entodermalen Gestaltungsbewegungen ist, dass 
sich das Entoderm seitlich odor senkrecht zur Mediane ausbreitet und die 
Urdarmhbhle so einwiekelt, dass die beiden seitlichen Rander des prii- 
sumptivem Entoderms an der dorsalen Mediane der Neurula einander 
begegnen. 

Vogt (’29) gibt fiir Mesoderm und Entoderm bei geschlossener Gastrula 
zwei Verbindungsstelle an. Er stellte sie durch Schnittbilder fest. Die 
eine Stelle ist die ventrale IJrmundlippe, die zweite die priichordale Platte. 
Aber, so weit ich nach der Anatomic des Spatneurulakeims urteilen kann, 
ist der Ubergang beider Keimblatter an der ventralen Urmundlippe nicht 
zu beobachten. Die Einrollung des Mesoderms an der ventralen Urmund¬ 
lippe war schon eingetreten. Natiirlich ist die Frage, wann die beiden 
Keimblatter an der ventralen Mediane ihre anfangliche Beziehung zuein- 
ander ldsen. Aber ich kann dies? Stelle keine besondere Bedeutung zu 
erkennen, ausser der, dass die von der kranio-lateralen Entodermgrenzen 
begonnene Abtrennung des Mesoderms, ganz wie beim Auftreten der 
RuscoNi’sehen Spalte, an dieser Stelle zu spat eintritt. 

Vorliegende Arbeit wurde im Botanischen Laboratorium der Japan isch- 
Kaiserlichen Tohoku IJniversitat auf dem Hakkoda-Gebirge durchgefiihrt. 

V. ZUSAMMENFASSUNG. 

1. Der Anlageplan der jungen Gastrula von Hynobius wurde fest- 
gestellt. Die Einstiilpungsgrenze liegt in der oberen Halbkugel der jungen 
Gastrula, etwa 15° oberhalb des Aquators an der dorsalen Seite und 10° 
an. der lateralen und ventralen Seite. Der animale Pol entspricht dem 
vorderen Ende der Medullarwiirste. Und die lateralen Meridiane beriihren 
die laterale Grenze der Medullarwiirste. Daher liegt die presumptive Lage 
der Medullarplatte auf der ganzen dorsalen Seite im Bereich des prasump- 
tiven Ektoderms. Aber sie geht niemals ventral in die lateralen Mediane 
iiber. Die Grenze zwischen dem Mesoderm und dem Entoderm liegt etwa 
20° unter dem Aquator auf der lateralen und ventralen Seite. Auf der 
dorsalen Seite trennen sich beide Keimblatter nich voneinander. Sie stehen 
durch die priichordale Platte in Verbindung miteinander. An der Randzone 
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der jungen Gastrula liegt die priisumptive Lage des Mesoderms, zwischen 
den oben erwahnten prasumptiven Grenzen gegen das Ektoderm und das 
Entoderm. An der dorsalen Seite des Mesodermbezirks liegt die prasump¬ 
tiven Lage der Chorda. Die Chorda liegt im Bereieh des dorsalen Meso 
derms bis zu 10° unter dem Aquator. Die Breite dieser Anlage betriigt 
etwa 30°. Die priichordale Platte liegt von 10° ab bis zu 30° unter der 
Chordaanlage. 

2. Die Lagenverh'altnisse der prasumptiven Medullarplatte bis zu voll 
ausgebildeten sind, wie folgt: Das vordere Ende der Medullarplatte beriihrt 
den oberen Pol der jungen Gastrula, das hintore Ende die untere Grenze 
der prasumptiven Medullaranlage nach dem darunter liegenden Mesoderm 
hin. Die seitliche Medullarwiirsto beriihren die seitliehen Meridiane. Die 
priisumptive Lage der Riickenrinne der Medullarplatte entsprieht der 
dorsalen Mediane der jungen Gastrula. Eine Verwachsung der symmetri- 
schen halben Teile der prasumptiven Medullarplatte an der dorsalen 
Mediane liegt nicht vor. Daher ist die Gestaltungsbewegung der Medullar¬ 
platte von Hynobius nicht Konkrescenz, sondern Konvergenz. 

3. Die Gestaltungsbewegung des Ektoderms ist zum Ende* der Neu- 
rulation eine zusammengesetzte Bewegung in meridionaler und latitudinaler 
Richtung. Am Anfang der Gastrulation ist die Bewegung des Ektoderms 
ausschliesslieh meridionale Streckung. Erst am Ende der Gastrulation wird 
die Kondensation des Materials an der dorsalen Mediane sehr bemerkens- 
wert: d. h. die dorsale Konvergenz. 

4. Das Mesoderm rollt sich bei der Gastrulation unter das Ektoderm 
ein. Das zeigt auch dorsale Konvergenz und ventrale Divergenz. 

5. Die vermutliche Lage des Mesoderms und der Chorda ist der 
Keimaehse entgegengesetzt, d. h. der kiinftigen Langsachse des Embryos 
im Friihgastrulastadiums entgegen. Das kiinftige hintere Ende des Meso¬ 
derms und der Chorda entsprieht dor oberen Grenze der Mesodormanlage 
des jungen Gastrulakeims. Und der vordere Toil lagert sich darunter. 

6. Das Entoderm rollt sich anfangs von der dorsalen Urmundlippe, 
die etwa 50° unter dem Aquator auftritt, ein. Dieser Toil entsprieht dem 
vorderen Urdarmboden. Die Einrollung schritt beim Entoderm von vorn 
nach hinten fort. Die lateralen Rander des prasumptiven Entoderms gehen 
von der Grenzen nach dem Mesoderm hin aus. Sie wickeln konkav die 
Urdarmhbhle ein. Beide seitliche Rander des Entoderms begegnen einander 
an der dorsalen Mediane des Embryos und bilden die dorsalen Entoderm- 
nahte des Neurulastadiums. Diese Entodermnahtc \erwachsen im Schwanz- 
knospenstadium miteinander. 
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7. Das Entoderm ausbreitet sich seitlich oder senkreeht zur Mediane 
und so einwickelt die Urdarmhohle, dass die beiden seitlichen Render des 
mutmassiichen Entoderms an der dorsalen Mediane der Neurula eininder 
begegnen. 
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While experimenting on the “ Early Behavior of Embryos of the Turtle 
(Terrapene Carolina (L)) ” (Tuge, 31), in the Effingham B. Morris 
Biological Farm of the Wistar Institute of Anatomy and Biology in 
Philadelphia, the writer has obtained an embryo (’31 D 1) which was 
considerably retarded in its growth, especially in the head region. 

During the course of observation upon the embryo under the binocular 
microscope, owing to the small size of the body, a spontaneous movement 
of the whole body was distinctly recognized. Since such spontaneous move¬ 
ment is so unusual for the embryo of this small size, the animal was 
immediately observed for next five minutes under the binot ular microscope, 
but failed to detect occurrence 1 of perceptible spontaneous movement again. 

It would be interesting to undertake an anatomical study upon this 
abnormal animal, with the* hope 1 that such study might throw some light 
upon our present knowledge of the early spontaneous movement of embryos. 

PRENATAL HISTORY OF THE EMBRYO 

The egg, which was laid July 8, 1931, was planted in the same manner 
as the other eggs were. For the experiment upon the embryonic behavior, 
the egg was opened August 7, 1931 at the* calculated age of 30 days. 
The egg shell was normal in size and color. 

The embryo was placed in normal salt solution as usual. The embryo 
was approximately 3.5 mm. in length. Since the embryos at this stage 
show no distinct indication of the carapace, it is, in fact, difficult to deter¬ 
mine the body length. So the measurement from the top of the midbrain 
to the base of the tail was made. 

»I am very much indebted to l)r. G. E Coghh.l, for usr «- his lalx>r«ttory in the Bio¬ 
logical Farm and for supply of the materials 
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The heart beats were slightly slower than that observed in the normal 
embryos, being 52 beats per minute. 

A few minutes after the embryo was placed in the solution, it performed 
a spontaneous movement of entire body (as also with the majority of the 
normal embryos of this age), which corresponds to that of the total 
behavior pattern of Coghill (’29). No excitation was evoked, with this 
embryo, either by light tactile stimulation with a hair, or by slightly 
strong stimulation with a bristle, upon various regions of the body. 

The embryo was kept in the salt solution for about three hours, and, 
before death it was fixed in Bouin’s solution, without perceptible contraction. 

The embryo, accordingly, may correspond, with some reservation, to 
the non-motile stage in Amblystoma designated by Coghill ('29). 


t . 


a b 

Fig- 1. Photographs of l>oth tho abnormal (a) and normal (b) turtle 
embryos (Terrapene Carolina (L)). Both the embryos were enlarged approxi¬ 
mately 2,5 times. The lines adjacent to the embryos indicate the direction of 
section in figures 

In figure? 1, a and b , the* normal ( b) and the retarded (a) embryos 
are shown. The normal embryo (’31 1)2) is of the same age as the 
abnormal embryo (’31 1)1). Both the embryos had been laid by the 
same female turtle and buried in the same place. However, no explanation 
for the retardation could be found in the present case. 

MKTHODS 

The abnormal embryo (’31 1) 1) was stained in toto alum-cochineal 
and cut 10/* in thickness. The sections were counterstained with bleu 
de Lyon. The brain and spinal cord were reconstructed at the magnifica¬ 
tion of 80 times by the blotting paper method of Susanna P. Gagk‘\ 
with some slight modification for the present purpose. 

In Japan, the thickest sheets of blotting paper obtainable in the market 
are about 0.4 mm. and so, tho two sheets of paper were pasted together 

15 Sec details in Anat Roc., vol. VII, No. 3, p. Ififi. 
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in oder to obtain thickness of approximately 0.8 mm. For cutting accurately 
along the outline, a paper with penciled drawings was dipped into hot 
paraffine. 

The normal embryo (’31 I) 2) was also prepared, as a control, with 
the same staining method as in the abnormal embryo. 


r. l\, cunalis centralis 
d . aor., dorsal aorta 
ear.y ear-primordium 
gt VII., ganglion of the VII cranial nerve 
gl. VIII., ganglion of the VIII cranial neivo 
gl. X, ganglion of the X cranial nerve 
hem., lateral cerebral hemisphere 
tsth., isthmic region 

lat. v., lateral ventricle <if the forebrain 
rn , neuroblastic hyperplasia in the medulla 
oblongata 

med., medulla oblongata 
n , an aberrant nerve 
not., notochord 
r. Ill, III cranial nerve 
t. VII., VII cranial nerve 
r. VII m., motor root of the VII cranial 
nerve 


sensoiy root of the VII cranial 

nerve 

r. VII tn.- 1 motor and sensory roots of 

the VII cranial nerve 
r. IX., IX crania) nerve 
r. X., X cranial nerve 

r. X. ♦ r. IX , combined loot of the X and 
IX cranial nerves 

r. X. i r. XL, combined root of the X and 
XI cranial nerves 
sp, spinal cord 
tect., tectum opticum 
thal., thalamus 
!>. III., third ventricle 
v. IV., fourth ventricle 
vis nr., visceral aich 


ABBREVIATIONS FOR ALL FIGURES 
r. VII s. 


MORPHOLOGICAL OBSERVATIONS 

The embryo is characterized by possessing the diminutive anterior part 
(fig. la). It lacks both eyes, and, the mouth opening is not yet estab¬ 
lished. At the ventro-caudal surface of the head is seen a bud-like pro¬ 
minence, which is formed by aggregation of some visceral arches. These 
arches are irregular in appearance (figs. f> and 6 , r?s. nr.). 

The trunk region is more developed than the head region. The fore 
limb buds are not perceptible, but the hind limb buds are well visible. The 
heart region is swollen, occupying a large portion of the body. The 
carapace is not yet ridged. The tail is not distinct. 

The forebrain is unique, because both the lateral cerebral hemispheres 
(hem.) are narrowly elongated laterad and very small (figs. 2 a, 3 and 4). 
The shape of the ventricle (lat. ?;.) is, therefore, so irregular that it is 
difficult to identify it as real lateral forebrain ventricle. The terminal 
plate is not clearly indicated. The olfactory pits on both sides can dif- 
ficutly be identified, as they are deformed. 
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Fig. 2. Photographs of reconstruction model of the hrain and spinal 
cord of the abnormal embryo, a., showing the external view. 

b. y showing the internal view. 

The numerical letters represent the positions of the sections illustrated in 
figures 3, 4, 5, and fi, respectively. Reduced one-half 

The thalamic region (thal.) is much larger as compared with the cere¬ 
bral hemisphere (fig. 4). No distinction between the thalamic and hypo¬ 
thalamic regions can be made. A glandular outgrowth regarded as pineal 
body exists at the ordinary position, but it is very small. 

Neither the optic stalks nor the* optic vesicles are found. The lens 
formation, moreover, is not detected. 

The midbrain is small and undeveloped, owing to the lack of visual 
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Fig. 3. Transverse section through a 
level of the oculomotor nerve (r.///.). At¬ 
tention should be directed to the peculiarly 
elongated lateral cerebral hemisphere (hem.). 
X approximately 66. 



Fig. 4. Transverse section through a 
level of the middle portion of the medulla 
oblongata. Attention should be directed 
to the elongated lateral cerebral hemisphere 
(Aem.) as well as in figure 3, and also to 
the neurohlastic hyperplasia ( m .) in the 
medulla oblongata, x approximately 66. 


organs (fig. 2, tect.). 

The medulla oblongata 
is relatively normally de¬ 
veloped in shape, though 
smaller in size (figs. 2 b f 
4 and 5, med.). 

The spinal cord in the 
trunk regions is highly 
developed (figs. 2 b and 
7, sp). The spinal cord 
at the tail region, on the 
other hand, is distorted 
because of the imperfect 
formation of the tail. 

Concerning the cranial 
nerves and their ganglia, 
many peculiarities are 
shown. 

The olfactory and optic 
nerves are lacking. The 



Fig. 5. Transverse section through the caudal region 
of the medulla oblongata. Attention should be directed 
to the nervous components of VI l, which innervate the 
several visceral regions aad skin (r.VH.s. and r. V7/.m. *f *.). 
Note also a condition of pn*liferation of cells in the 
medulla oblongata, x approximately 66. 
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oculomotor nerves (r. ///.) on both sides emerge, as thick bundles, in the 
normal position, though not strictly symmetrical (figs. 2 a and 3). The 
oculomotor nerves disappear after extending a short distance, due likely 
to the absence of the corresponding eye muscles. 

The trochlear nerves do not exist, in association probably with the 
absence of the superior oblique muscles. 

At the level of figure 4, the large trigeminal nerve and its ganglion 
should have appeared, if the embryo were not abnormal. The trigeminal 
nerve components, however, do not seem to make any appearance at all. 
This may be interpreted as due to the fact that the jaw and the receptors 
distributed in the head region, including the nose and mouth, are very 
poorly developed. As will be shown later (see, p. 417), the nervous 
components innervating the muscle and skin, which in my mind correspond 
to that of trigeminus, come into close relation with the facial components 
which reach the greatest degree of differentiation. (Figs. 5 and 6, r. VII. s ., 
r. VII. m.). Furthermore, a pair of masses consisting of neuroblasts is 
seen to evaginate towards the fourth ventricle at the level in question 

(figs. 2 b and 4, m.). 
This peculiar evagina- 
tion (hyperplasia) of 
neuroblastic masses 
would be assumed to 
be the results of the 
abnormal development 
of the trigeminal ner¬ 
vous complex, and 
should have formed such 
as the Gasserian gan¬ 
glion. 

The abducens nerves 
are not found at all, and 
at the same time the 
lateral rectus muscles 
are not formed. 

The motor com¬ 
ponent of the facial 
nerve is seen to emerge 
from the portion of the 
motor VII nucleus. A 


c.c. 

r.X. + r.XI. 

r.X.-f r.IX. 


«I.X. 

not. 

d.aor. 

r.VJI.s. 

r. VII.ni 
vis.ar. 


Fig. 6. Transverse section through a level transitional 
from the medulla oblongata to the spinal cord. Attention 
should be directed to the nerve roots of X ( r.X. + r.IX . 
and r.X. + r.Xl.) and its ganglion ( gl.X.) and the peripheral 
innervations of the nervous components of VII (r.V//.m., 
r.VII.s.). Note a remarkable condition of proliferation of 
cells at this region, x approximately 66. 
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great number of nerve components enter extra-cranially the ganglion of 
the facial nerve ( gl. VII.) and proceed towards the periphery accompanying 
those sensory components which form the ganglion (figs. 2 a and 5, r. VII.). 
Soon after some components of the nerve branch out of the ganglion, being 
separated into a few branches. Some of them proceed towards and inner¬ 
vate various visceral regions. They perform possibly both general viscero¬ 
motor and special viscero-sensory functions (fig. 5, r. VII. ro. + .s.), and 
the others advance towards the facial region. The third (r. VII. m.) go 
ventrad to innervate some embryonic visceral arch (vis. nr.) which may 
be the hyoid arch (fig. 6). As mentioned above, a bud-like prominence, 
which was probably formed by fusion of some visceral arches, is extensively 
innervated by those branches of the motor Vll nerve component. There 
is, furthermore, found a large nerve of the VII component, which innervate 
directly the skin of the ventro-caudal part of the* head region (figs. 5 and 
fi, r. VII. s.). From the fact mentioned above, it seems reasonable to 
consider that the peripheral trigeminal innervation was largely compensated 
by the VII nerve components. 

In this connection, a pair of unknown nerves (n.) which emerge in 
front of the level of figure 3 will be considered. Kach root of the nerve 
in question on either side shows asymmetrical arrangement (figs. 3 and 
1, n.). The nerve root on one side 1 is apparently in connection with one 
of the branches of the VII nerve at the level of this ganglion. These 
nerves can not be identified with any missing cranial nerves in the embryo. 
These may be comparable with an aberrant nerve which has been found 
in experimented Amblystoma by Hijrr (’30). 

In contact with the ganglion of the VII nerve, another ganglion (gl. 
VIII.) appears, which comes anatomically into closer relation to the ear- 
primordia (ear.) than does the ganglion of the VII nerve (fig. 5). "This 
ganglion may be regarded as the ganglion of the VIII nerve. The intra¬ 
cranial nervous connection to this ganglion, however, is not traceable. 

The IX nerve components (r. IX.) will be seen to emerge from the 
normal position (fig. 5). After coming out of the medulla oblongata, they 
seem to come into close contact with the* ear-primordia, and then fuse with 
the nerve components of X (fig. 6, r. X. + r. IX., gl. X.). 

The development of the nerve X is remarkable (fig. 2 a , r. X.). It 
is seen to join rostrally with one of the branches of the IX and form the 
ganglion of the X nerve (fig. 6 , gl. X.). Many nerve roots emerge from 
the ganglion and are traceable to the heart region and other visceral 
regions. 
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The distinction among the X and XI and also dorsal spinal nerves 
was not clear from one another (fig. 6, r. X + r. XI .), and they probably 
form mixed components at the transitional level from the bulb to the 
cord (fig. 6). At any rate, the branches of these nerve roots at the region 
mentioned above, are well developed in appearance, and, therefore, suggest 
that the viscero-sensory and possibly viscero-motor components were, to a 
certain extent, functional. 

I have mentioned in my paper (*32) that in the adult turtle the anterior 
roots of the hypoglossal nerve will mostly innervate the tongue muscle, 
while the posterior ones will mostly innervate the neck muscles (p. 245). 
The anterior part of the hypoglossal nerve, in this abnormal embryo gives 
off a single component at the position which corresponds to that of the 
posterior part of the same nerve in the normal brain, and also, the part, 
which corresponds to the hypoglossal component for the tongue muscle 
(or, to the anterior part of the normal brain), may very likely be lacking 
due to the absence of the tongue muscle. At the same time, an emphasis 
will be given to the presence of the neck muscles, though they are not 
well developed. The condition obtained from the embryo would indirectly 
support the view that in the normal adult turtles the anterior part inner¬ 
vates the tongue muscle and the posterior part innervates the neck muscles. 

It was also difficult to make distinction between the posterior part of 
the hypoglossal nerve and the spinal somatic motor components at the 
region concerned, as would be seen in the case of certain animals; as, 
for instance, in some of reptiles and amphibia. 

The spinal somatic motor components, however, attain the greatest 
degree of development as it proceeds caudally, and innervate the muscle 
segments in the trunk region. 

The formation of the muscles of the fore limbs is in less degree of 
development, whereas the peripheral nerves are seen to proceed towards 
the limb, though their innervation to the muscles was not distinct. 

As already mentioned that the hind limbs are advanced conspicuously 
in development, the peripheral nerves to the hind limbs are, accordingly, 
considerably thick and branch out so as to innervate all the parts of the 
limbs. In the functional center of the hind limb within the spinal cord, 
a rapid proliferation of the nerve cells is seen. The cord at the region 
concerned is of enormous size. 

The spinal ganglia are well arranged segmentally (fig. 7, d-k) and their 
central connection appears to be well established. The peripheral distribu¬ 
tion of the spinal sensory roots is extensive. These anatomical features 
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are not so different from 
the condition found in the 
normal embryo (figs. 7 
and 8). 

Furthermore, the sec¬ 
tions of the cord taken 
at several levels show 
advanced proliferation of 
the cells in both motor 
and sensory regions (Fig. 
7). The complexity of 
the processes of these 
cells is also remarkable, 
particularly those in be¬ 
tween sensory and motor 
regions, as will be describ¬ 
ed later (see p. 420). 

The size of the sec¬ 
tional areas of the cord at 
several levels does not ap¬ 
pear smaller than that of 
the normal embryo. The 
reader will be able to 
compare the approximate¬ 
ly corresponding sectional 
areas of both embryos 
(figs. 7 and 8). 

Finally, observations 
upon the conduction paths 
in the medulla oblongata 
and spinal cord are de¬ 
scribed without detail. 

Both motor and sen¬ 
sory longitudinal tracts, 
particularly in the motor 
zone, make their appear¬ 
ance as marked tracts at 



Fig. 7. Transverse sections (a k) thiough various 
regions of the spinal cord. The sections begin from 
a level at the most caudal portion shown in the re¬ 
construction model (fig. 2) and end near the base of 
the tail region, 'these (a-k) are taken from each 18th 
section. Attention should be directed to the advanced 
degrees of proliferation of cells in the spinal cord and 
also to the well-developed spinal ganglia (d-k). In 
contact with the spinal cord the notochord is shown. 
X approximately 66. 


the periphery of the bulb. These tracts are seen in the rostral part of 
the isthmic region. The more the sections proceed caudally, the more 
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Fig. 8. Transverse sections through the two different regions of the 
spinal cord of the normal embryo (’31 D 2), showing a comparison of the 

sectional areas and proliferation of cells with those of the abnormal embryo 

(’31 D 1) in figure 7. a (4-2-1) corresponds approximately to b (2-1-8) of 
figure 7, and b (4-5-5) approximately to a (1-7-8) of figure 7. X ap¬ 
proximately 66. 

these tracts become numerous and remarkable. On the contrary, it is 
evident that in front of the isthmic region there are seen very few con¬ 
duction paths from or to the lower centers. That is to say, the fore- and 
midbrain are related to the bulb and cord by very few conduction paths 
in this embryo. 

Near to the midline in the motor zone of the bulb, there are grouped 
a few longitudinal tracts. These tracts are seen at a short distance beyond 

the level of figure 4, though these are not so remarkable there. Perhaps 

these tracts constitute some of the fasciculus longitudinalis medialis, judging 
from the position and structure shown by the normal embryos at this stage. 

The fasciculus longitudinalis medialis is believed to originate not only 
from some centers in the thalamic, hypothalamic region, and midbrain, but 
also from many nuclei of the medulla oblongata (Tuge, ’32, pp. 253, 254, 
etc.). In the present abnormal embryo, however, the fasciculus longitudinalis 
medialis may not be related to those higher centers, as it fails to show 
its presence at these levels, but mostly to the bulbar nuclei. Therefore, 
it is further noted that the fasciculus longitudinalis medialis makes a marked 
appearance as the sections proceed eaudally towards the spinal cord. In 
the spinal cord, it may be said that the fasciculus is almost in the same 
degree of development as found in the normal embryos at this stage. 

Besides these longitudinal conduction paths, many fibers connecting 
the dorsal (sensory) and the ventral (motor) areas in the bulb and cord 
are as well-developed as they are in the normal embryos. These fiber 
system would, to some degree, have attained the ability to function, and, 
in fact, this condition of development should be required in producing the 
eariest nervous movement (neuro-muscular). 
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DISCUSSION 

Also? (’18-19) experimented upon chick embryos placing them at 
normal and abnormal temperatures, and found that some of embryos 
developed abnormally in size, even when incubates! at normal temperature. 
He concluded, therefore, that abnormality in si/e might be due to heredity 
(p . 311). 

Cochill (’29) noted that the anterior part of Amhlysloma is first 
destroyed and then the posterior part, when the animal was put in certain 
solution of potassium cyanide (p. 42), similar ns I have found in the ab¬ 
normal turtle embryo. 

The present writer (’31) has observed, in the course of the experiment 
upon a number of the turtle embryos, that the spontaneous movement of 
the total pattern occurs before the time when the embryos begin to respond 
to tactile stimulation. 

The same was observed by a number of investigators; Paton (’07 
and ’ll) in amphibia and fishes, Wintrebert (’20) in selachian, Minkowski 
(’28) in human fetuses, Tracy (’25 and ’26) in teleosts, Kuo (’32) in chick 
embryos, and others. 

Tracy (’26), for instance, states explicitly that “ the* first movements 
of the embryos take place under condition such that the action of outside 
stimuli is apparently excluded.” (p. 258). 

Therefore, it seems to me there is no room to doubt that the spontaneous 
movement of the total pattern can occur prior to the reaction to stimula¬ 
tion from outside the body. 

In the normal turtle embryos, only careful observation with the aid 
of a binocular microscope will enable us to see the regular rhythmic move¬ 
ment identical with the heart beat. The amplitude of the rhythmic move¬ 
ment in the turtle embryos, however, does not appear so pronounced as 
the others reported for selachians (Paton and Wintrebert) and for aves 
(Kuo), though conditions when observed by them may not be identical 
with my own. 

At a later stage, there appears abrupt and irregular movement of the 
whole body. The data obtainable in the turtle embryos seem to suggest 
that such movement, abrupt and irregular in character, is due to nervous 
impulses, and it can be hardly considered as direct muscle contraction, 
because it occurs simultaneously in different muscle segments. This might 
agree with Tracy’s observation (Tracy, ’26) in which he showed that 
“the first movement is always irregular ” u in the Meosts (p. 264). 

0 Insertion in Italics is made by the present writer. 
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It should bo emphasized, therefore, that the earliest movement of 
embryos begins with the passive rhythmic movement due to the heart beat 
as mentioned by Kuo (’32, p. 409), and, later, is added the abrupt and 
irregular movement (neuro-muscular). However, according to developmental 
pattern of various animals, these orders given above may be more or less 
modified. 

With the abnormal turtle embryo in question, notwithstanding its con¬ 
siderably small size of the body, anatomical observations showed that the 
medulla oblongata attains almost to the same degree of development as 
in the normal embryo. As already noted, the cranial nerves of the somatic 
motor system indicate strikingly poor development in the medulla. We 
have evidence, however, that the function of these nerves above mentioned 
may really do nothing with nervous spontaneous movement of the total 
pattern. 

Tracy (’26) found the occurrence of the sufficient spontaneous body 
movement of the teleosts, in which the eyes and olfactory organs had been 
destroyed before the first body movement appeared (pp. 268 and 285). 
This fact seems to indicate that the somatic motor nerves which are related 
to the movement of the eye-ball as well as the eye itself, are not essential 
for the early nervous spontaneous movement. Also the lack of the anterior 
part of the hypoglossal nerve may have no bearing upon eliciting the 
movement (see, p. 418). 

In the present case, the bulbar sensory parts of VII, X and possibly 
others should be considered as to have played much important role, since 
the visceral sensory innervations of these nerve components are extensively 
well established towards effecting the early nervous spontaneous movement. 

In the spinal cord, the somatic motor nerves as well as the spinal 
sensory nerves reach to an advanced phase of development as has been 
already described. The degrees at which cells are proliferating to function 
in several levels between the cord of the normal embryo and that of the 
abnormal, is essentially the same. 

Nicholas (’30) has made the interesting observation that, in Amblystoma 
embryo operated for the mesencephalic removal, “ the early reactions are 
absolutely independent of fore- or mid-brain connections ” (p. 7). The fact 
secured by Nicholas seems to be practically parallel with the occurrence 
of the nervous spontaneous movement observed by the present writer. 
Furthermore, his observation showed that, following the mesencephalic 
removal, no reduction in cell number within the cord was found. On the 
contrary, when the medulla is removed, reduction in cell number within 
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the cord was remarkable (p. 14, and ’29, p. 99). He, therefore, concluded 
that there exists u the dominance of the medulla as the effective agent in 
controlling by its descending fibers the proliferation of cells within the 
spinal cord during its morphogenesis.” (’30, p. 20). The bearing above 
mentioned seems to be similar with the fact that the rapid proliferation 
of cells in the spinal cord is found in the abnormal embryo, independently 
of the less development of the fore- and midbrain. 

Finally, following the results obtained from the abnormal embryo, the 
present writer agrees with Swenson (’28) in the rat fetuses, who claims 
that the size of embryos alone can not be taken “ as a standard of the 
degree of structural development.” 

SUMMARY 

1) The abnormal turtle embryo was about half size of the normal 
embryos at the same stage (30 days old), and was observed the occurrence 
of a spontaneous body movement. 

2) The fore- and midbrain are considerably small and many structural 
defects and deformities are pointed out, as follows ; undevelopment of the 
nasal organs, distorted lateral cerebral hemispheres, lack of the whole visual 
organs, and so forth. 

3) The medulla oblongata shows good development, but the cranial 
nerves of IV, V and VI are lacking. The nervous components of VII 
and X attain to the greatest degree of development. 

4) The size of sectional areas and the degree of cell proliferation in 
various regions of the spinal cord indicate almost the same phase of deve¬ 
lopment as that in the normal embryo. Also, concerning the spinal nerves 
and their ganglia, the same may be said. 

5) The spontaneous movement of the total pattern occurs prior to the 

time when the embryos begin to respond to tactile stimulation (or outside 
stimuli). • 

6) The occurrence of the spontaneous body movement of the abnormal 
embryo is suggested to be due to the developmental phase of the medulla 
oblongata and spinal cord, independently of the fore- and midbrain. 

7) The size of the animal does not determine the degree of the struc¬ 
tural development in embryonic behavior. 
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During my sojourn in the Palau Islands (October, 1930—March, 1931) 
for the purpose of collecting corals, some were found growing on the bottom 
of a ship anchored for a long time. This fact interested me to investigate 
in what manner the coral planulae settle on the solid substratum. 

The settlement of free-swimming planulae was tested on the surfaces 
of a concrete disk which is 20 cm. in diameter and 2.5 cm. in thickness, 
which was exposed to rain for about two months previous to use in order 
to remove the injurious effect to living matters. The disks were hanged 
either horizontally or vertically in the sea water, utilizing the bamboo raft 
fixed with anchors as a bouy. 

On October 15, 1930, the disks were suspended with wire in various 
depths ; 0 m. (surface), 0.5 m., 1 m., 2 m., 3 m., 5 m., 7 m., and 10 m. In 
the present paper the results obtained from the disks hanged at the depths 
of 0 m., 0.5 m., 1 m., 2 m., and 3 m., are reported, for since molluscs, algae, 
and fine sediment rapidly covered the surface of the disks in deeper water, 
leaving no room for the attachment of the young coral and hence 1 was 
obliged to leave the islands on account of limited time. 

The tests were made at the widened portion of a narrow canal between 
the reef platform surrounding the islands where numerous colonies of 
various kinds of corals are growing. The depth was about 6 fathoms, 
and the water temperature measured in the daytime at that time was 
29.2°C. in average, varying from 28"C. to 31°C. 

OBSERVATION 

On December 10, 1930 I discovered the first young of the coral on 
the disks after the 'commencement of the experiment. At that time, I 
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found 10 colonies belonging to one species of the Madreporarian corals. 
They were found settled on the disks except those placed at the depths 
of 5 m., 7 m., and 10 in. 

The disks were examined on December 31, 1930, January 21, 1931, 
and February 20, 1931, and the number of colonies were found to have 
increased at each examination. 


Tabus I. 

A. Number of the colonies attached to the vertical disks. 


Depth 

Dec. 10, 1930 

Dec. .11, 19.10 

Jan. 

21, 1931 j 

Feb. 20, 1931 

0 m. 

1 

O 


O | 

3 

0.5 m. 

- 

1 


O 1 

o 

1 m. 

1 

3 


o 

• I 

3 

2 m. 

2 

5 


5 | 


am. 

. i 

2 1 



3 

Sum 

5 

i i.i ! 


15 ! 

19 

B. Number of the colonies attached to 

the horizontal disks. 

Depth 

Dec. 10, 1930 

i 

Dec. 31, 1930 | 

Jan. 

21, 1931 t 

Feb. 20, 1931 

0 m. 

1 

o 


•*» i 

3 

0.5 m. 

2 

5 ; 


5(1'! | 

5 

1 m. 

1 

1 j 


3 1 

1 

2 m. 

— 1 

2 ! 


1U) 1 

1 

3 m. 

1 

B i 


2 (.2) 

4 

Sum 

5 

12 | 


14 ! 

17 


The number in the parenthesis is that of the detached colonies. 


All of the corals belonged to one species, Pocillopora cespitosa Dana. 
This species which is much branched is common in the shallow waters of 
the Palau Islands, being especially abundant on the reef platform ne^r 
the station. This is also known distributing in the Hawaiian Islands, Fiji 
Island, Tahiti, Ceylon, etc. Therefore, it is one of the most common 
species of the Madreporarian corals growing in the coastal area of the 
tropical seas. 

The adult colonies of the species are much smaller as compared with 
the other species of the Genus Pocillopora found in the Palau Islands. 
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The fresh color of the soft part is generally greyish brown, though in 
some the apical parts of the tentacles exhibit a greenish color. 

Edmondson (1929) in his recent paper has reported on the develop¬ 
ment of the earlier stages of this kind of the corals obtained from the 
coral reef of the Hawaiian Islands, and Stephenson (1930) also on that 
of Pocillopora bulhosa from the Great Barrier Reef. Although it was 
stated by these authors that the planulae of the species of the Genus 
Pocillopora were observed, but in the present water, free-swimming ones 
were not found, in spite of careful examinations of the plankton collected 
from the regions near the raft, or those scattering from the matured 
colonies of Pocillopora cespitosa. Stephenson (1930) also did not detect 
with certainty any planula belonging to Pocillopora bulhosa in the plankton. 

When the tide went, 1 saw a considerable number of Fungia actiformis 
variety, of which more than 50 individuals were found in an acre meter 
at the most abundant region of the reef platform, emitting actively numerous 
free-swimming planulae, but 1 did not find a single planula in the plankton 
obtained by means of tow-netting when the tide came. It is highly pro¬ 
bable that planulae of the corals in nature usually develop in the parent 
coelentcron till advanced enough for fixation, and then they come out in 
the sea water to attach as soon as f>ossible to the suitable substrata as 
Stephenson (1930) suggested. 

Edmondson (1929) found planulae of Pocillopora cespitosa in the 
laboratory during January. Stephenson (1930) emphasized that the em¬ 
ission of planulae of Pocillopora bulhosa is connected with the phases of 
the moon. My own present study seems to indicate that planulae of 
Pocillopora cespitosa in the Palau Islands are extruded probably throughout 
the year, since during the months in which the observations were continued 
the number of colonies of the coral increased at each examination. 

The young corals are able to fix themselves on the both faces of the 
disks which were placed vertically, though the majority of planulae settled 
on the upper half of the disk. In the horizontal disks the attachment of 
all colonies occurred only along the margin owing undoubtedly to the 
injurious effect to sediment deposited on ihe disk as many previous inves¬ 
tigators have already proved. 

Some colonies once settled evidently disappear either by death or by 
detachment. The number of the colonies defhehed from the disks was 
5% on the vertical disk and 24 % on the horizontal disk (Table I) in my 
experiments. The disappearance of the young coral was certainly caused 
partly by shells anj bryozoa which are the serious persecutors to the 
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development of the coral as well as by fine sediment which covers the 
colonies. 

The number of the colonies increased more rapidly during December 
than during January and February, that is to say, the emission of planulae 
of Podllopora cespitosa was more active in December than in the other 
months, so far as tested. 

The smallest size of the colony which 1 found on the disk was 1.5 mm. 
in diameter consisting of three polyps. At the beginning of the develop¬ 
ment, the colonies spreaded laterally over the surface of the disk. When 
a colony involves more than 30 polyps, they usually grow upwardly and 
rise above the basal flattened parts, and then begin to branch. The vertical 
growth generally starts at the time when the colonies attain about 30 
polyps, but 1 noted some exceptional cases in which a colony showed a 
vertical growth with only 22 polyps and in other colonies the growth was 
laterad yet forming the basal plate with as many as 41 polyps. The sizes 
of the colonies are variable during the earier flattened enlargement stage 
according to the number of the polyps (Table II). 

Table II. 

Showing the relation between the number of the polyps and the 
size of the colonies during the basal plate formation. 


Number of 
polyps 

Number of 
examined colonies 

j Average length 
!of longer diameter 

Average 
length of 
shorter diameter 

3 

o 

1.5 mm. 

1.5 mm. 

4 

»> 

2.0 „ 

2.0 „ 

5 

o 

2.3 „ 

2.2 ,, 

C> 

3 

2.0 

2.5 „ 

7 

4 

2.8 „ 

2.5 .. 

8 

3 

3.0 „ 

2.8 „ 

9 

2 

3.2 

2.5 „ 

10 

6 

3.2 

2.9 „ 

11 

3 

3.5 „ 

2.8 „ 

12 

3 

4.1 », 

3.7 „ 

13 

1 

3.5 

3.0 „ 

14 

2 

4.0 

3.8 „ 

15 

* 2 

4.5 

4.0 „ 

16 

6 

4.1 .. 

3.8 

17 

3 

4.5 

3.8 

18 

1 

5.0 „ 

3.8 „ 
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Number of 
polyps 

Number of 
examined colonies 

Average length 
of longer diameter 

Average 
length of 
hhorter diameter 

19 

1 

4.0 mm. 

4.0 mm. 

20 

2 

4.7 M 

4.7 

22 

o 

5.0 M 

4.5 „ 

2:* 

1 

5.5 

5.0 

24 

1 

5.0 „ 

4.5 „ 

26 

2 

5.8 

4.8 „ 

27 

1 

6.0 

5.5 .. 

28 

1 

6.0 

5.5 „ 

29 

u 

5.8 „ 

5.5 „ 

30 

o 

5.2 „ 

5.0 „ 

21 

o 

5.3 .. 

5.0 

22 

1 

6.0 „ 

6.0 „ 

32 

1 

6.0 „ 

5.5 

24 

1 

5.5 „ 

5.5 „ 

35 

1 

6.5 „ 

6.0 „ 

28 

1 

7.0 „ 

G.O M 

41 

1 

7.5 ff 

6.5 „ 


Concerning the increase of the number of the polyps Kdmondson (1929) 
stated that the specimens of Pocillopora cespitosa which grew most favor-, 
ably in the laboratory, attained 20 to 25 polyps in the first year. My 
own observation with the same species in nature showed that the buds 
are added with very rapid rate; that is the average increase of the polyps 
being 0.46 per day during the stage of the basal plate formation and 
1.45 per day after the beginning of the vertical growth. We further note 
that the number of the polyps of the specimens which have already com¬ 
menced the vertical growth, increases about three times as fast as that of 
the colonies which are still in the lateral extension. Indeed I have even 
found a specimen which added about 5 buds in two days, though on the 
contrary there was an example which showed no increase of the polyps 
in the earlier stage during the observation. 

Final examination showed that among all the colonies, one which 
extended most widely measured 12 mm. in longer diameter and 11mm. in 
shorter diameter. One with the greatest number of polyps in the colony 
was 112. The colony which grew best vertically was 5 mm. high and its 
raised part consisting of 53 polyps, showing an indication of the commence¬ 
ment of the three-forked development at the tip. 

In the present experiment I did not find the colonies formed by fusion 
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Table III. 

An example of the rate of increase of polyps per day in the 
colonies attached to the disk suspended horizontally 
at the depth of 0.5 m. 


No. of colonies 

Dec. 10 Dec. 31 

Dec. 31—Jan. 21 

Jan. 21— Feb. 20 

I 

0.29 

! 


II 

0.38 

1 0.52 

2.36 

III 


0.80 

1.73 

IV 


0.38 

0.70 

V 


0.05 

0.23 

VI 



0.01 


The colony No. I was not found when the disk was examined on January 21. 

1931. Colony No. II already commenced to grow vertically on December 31, 1930 

and No. Ill on January 21, 1931. 

of two or more specimens as Stephenson (1930) observed in Pocillopora 
bulbosa , though the fusion of the young of Pocillopora cespitosa was occa¬ 
sionally noted as 1 also noted it sometimes occurring in other corals. 

SUMMARY 

1. The planulae of a single kind of the coral named Pocillopora 
cespitosa Dana are usually found attached to the floating substrata in the 
sea of the Palau Islands. The planulae are extruded throughout the year, 
most actively during December, though free-swimming ones were not found 
in the plankton collected by netting from the region where numerous adult 
colonies of this corals are growing. 

2. The planulae of the coral do not fix themselves on the surfaces 
of the disks suspended horizontally in the sea water, due to the fine sedi¬ 
ments deposited on the disks. Shells and Bryozoas are also the enemies 
to the young colonies of the coral. 

3. The attached planulae grow at first laterally over the surface of 
the solid substrata, so as to form the basal plate, but when the colonies 
attain more than 30 polyps, then they usually begin to grow vertically 
above the basal plate. 

4. The sizes of the basal plates vary with the number of the polyps 
until the beginning of the vertical growth. 

5. In the earlier stage of the colony formation the rate of the increase 
in the number of the polyps per day is about three times as fast during 
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its vertical growth as in the stage of the basal plate formation. 

Taking this opportunity, I wish to extend my sincere appreciation to 
Prof. S. Hatai for his aid rendered me during this investigation, and also 
to both late Gosuke Yokota, Governor of the South Sea Islands and to 
the Saito Gratitude Foundation for enabling this research. 
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INTRODUCE ION 

Concerning the problem of the coral reef formation, the growth rate 
of those corals which participate in reef building must be determined and 
indeed many investigators estimated the growth rate of the corals in different 


localities of the following 

; oceans. 



Pacific Ocean 

Murray Island 

Mayer 

1918 

i* 

Funafuti 

Finckh. 

1901 

,, 

Samoa 

Mayor 

1921 


Hawaii 

Edmondson 

1929 

Indian Ocean 

Cocos 

Guppy 

1889 

M 

Laccadive 

Gardiner 

1903 

,, 

Cocos 

Wood Jones 

1910 

Atlantic Ocean 

Havana 

Agassiz 

1890 

,, 

Bahama 

Vaughan 

1907 

„ 

Tortugas 

Cary 

1904 

In the present paper 

the results of 

our studies on 

the growth rate of 

reef building corals in the South Sea Islands, namely 

: Yapp and Palau, 

are presented. For this 

purpose Tamura stayed in 

Yapp Island from 

October 1929 to March 

1930 and observed the growth rate of 12 common 


species of corals, involving 8 species of branching corals, 2 species of 
massive corals and 2 species of mush-room corals. IIada stayed in Palau 
Island from September 1930 to March 1931 and measured the growth rate 
of 7 species of mush-room corals and one species of the massive form coral. 

We wish to express our deep obligation to Prof. S. Hatai and Assistant 
Prof. S. Kokubo under whose supervision this work was carried out. 
Thanks are also due to the governer of the South Sea Islands, and to 
the Saito Hoonkai for the defrayment of the gre.iter part of the expenses 
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required in the present study, and we are much indebted to Mr. T. 
Sugiyama, who identified most of the species of the corals employed in 
the present investigation. 

1) GEOGRAPHICAL AND METEOROLOGICAL CONDITIONS 

Yapp i& a small oceanic island belonging to the group of Calorine 
Islands and is about 180 sq. km. in area. This island is nucleated with 
volcanic rocks and is encircled with coral reefs, thus showing an appearance 
of a kind of fringing reef island. It is situated 138°.8 E. Log. and 9°.30 
N. Lat. 

The climate of this island is oceanic, showing the air temperature of 
25°. 1 C. in minimum and 26’.4C. in maximum in monthly mean through 
the year. The following table shows the results of the meteorological 
observations made by the government officers of Yapp in 1927. 

The temperature of the sea water was casually observed but it was 
surmised to be in the neighborhood of the air temperature. The following 
observations were taken during our stay in the Yapp Islands. 

Locality (Yapp Island) Date Depth in meter 


St. 1 

(In front of the 
government office 
building) 

Oct. :tf), 
1921) 

0 m 

2 .00pm. 32’.4C. 

5 rn 

29\9C. 

10 m 
20°. 1C. 

20 m 

30 m 

40 m 

St. II 

(Entrance of 
passage) 

Oct. ;;0, 
1929 

3.30 pin 32’.0C. 


29.4C. 

29.0C. 

29’. 0C. 

29'. 0C. 

St. IIII 

(where the coral 

Jan 14, 
19.*50 

2 .00pm. 27’.3C. 

27\5C. 

27\5C. 

27’.3C. 

27°. 1C 

27’. 1C. 


growth was observed) 

At the Station III where the coral growth was observed, the oceano¬ 
graphical observations were made on January 14th 1930, with the results: 
transparency extending to 18 meters; water color, No. 3 (Forel scale); 
specific gravity, 1.02548 (28°.0C.); and hydrogen-ion concentration, pH 
8.25. The difference between high and low tide was about 1.5 meter in 
Yapp Island. 

Palau Island which is situated on 7 a .O N.Lat. and 134°.5 E.Lon., consists 
of many islands, the largest one measuring about 310 sq. km. In gross 
appearance these islands may be regarded as being encircled by a barrier 
reef. The meteorological observations made by the government officers in 
Palau in 1927 are as follows: 

The average monthly air temperature ranges from 27\6 C. to 26\6 C. 



Table 1. Meteorological observation at Yapp Island in 1927. 
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and showing an average of 27°.0C. The maximum and minimum air 
temperatures through the year were 32°.5 C. and 22°.0 C. respectively. 

2 ) STATION OF OBSERVATION AND METHOD OF MEASUREMENT 

Yapp Island. In Yapp Island the observations were carried out at two 
different stations. 

Station A.—This station was fixed at a point about one mile off the 
shore of the municipal Hall. The depth was about 2 meters at high tide 
and 0.5 meters at low tide. Its bottom mainly consists of coral sands. 
About this station many species of reef building corals are found together 
with such animals as Alcyonacea , star fish, Gastropod molluscs, together 
with calcareous algae. The observation of the growth was made on 8 
species of branching corals, 2 species of massive corals and 2 species of 
mush-room corals (Fungia). 

Station B.—This station is situated about 1.5 miles off the shore of 
Maki, with the water depth being about 3.0 meters at high tide and 1.5 
meters at low tide. At this station the fauna of the corals differed from 
those of the former station, not only destituting of Fungia but yields only 
about 6 7 species. The growth was directly observed on 2 species of both 
branching and massive corals, which were growing on the bottom. 

Palau Island. In the Palau Island the station was centered in front 
of the Madarai pier of the Coloru Island. This station is a very quiet 
place, protected from wind and being inhabited by several corals such as 
branching forms, massive forms and Fungia. The growth was observed 
on seven species of Fungia and one species of massive corals. 

METHOD 

For the purpose of determining the growth of corals, it is necessary 
to select a specimen of definite stage, and also to fix firmly, wonder to 
prevent the loss by strong wave or current action. Vaughan (1915) used 
circular cement blocks of 8 inches in diameter, each with a hole in the 
center, upon which young corals attached themselves. We, however, chose 
the stem of a Teriha-tree, which is about one meter in length, having a 
section area of 10 sq. cm., upon which six small holes were made in order 
to insert the corals. Two wooden pieces measuring about 0.5 meters each, 
were attached to both ends of the wood, to which a heavy stone was tied 
in order to sink it into the sea for desired periods. In order to estimate 
the growth rate of the corals, the length, thickness, weight, volume, and 
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the number of branches were observed. In both islands the observations 
were made during the period from October to March but the annual 
growth of the corals was calculated from the assumption that in these 
localities the growth rate would be almost homogeneous as the environ* 
mental conditions are nearly constant throughout the year. 

RESULTS 

1. Acropora abrotanoides (I- am) ? 

This most common branching coral attains a height of about 2 meters 
in natural condition in Yapp island. The observations were made at Sta¬ 
tion A at Yapp island, for a period of 92 days, from Oct. 23rd to Jan. 
24th 1930. The results obtained from six individuals are given in Table 3. 


Table 3. Acropora abrotanoides (Lam) ? 


i 

Initial size 

Period 

1 Increase for period 1 

Annual 

increase 

No. 




of 






Length 

Weight 

Branch 

Length 

Weight 

Branch 

Length 

Weight 


growth 


mm. 

8 - 


days 

mm. ; 

% 


mm. 

% 

1 

120.0 

126.0 

7 

92 

.29.0 

7..2 

•2 

156.0 

29.2 

n 

lu.o; 

125.0 

9 

92 

29.0 

14.9 

0 

116.0 

59.6 

:i 

95.0 

68.0 

4 

92 

26.0 

7.9 

0 

104.0 

31. C 

4 

92.0 

64.0 

4 

92 

.22.0 

10.0 

0 

128.0 

40.0 

5 

84.0 

37.0 

O 

92 

.23.0 

18.9 

0 

132.0 

75.6 

6 

68.0 

29.0 

1 

92 

23.0 

17.2 

0 

116.0 

68.8 

Mean 





31..2 

12.7 

_ 

125.3 

60.8 


From the above table we notice that the annual increase of length 
was 125.3 mm. in average while that of weight was 50.8# in average. 
At station B similar observations were made on 10 individuals for a period 
of 102 days, from Nov. 19th to Feb. (28th) 1930. During the observation 
3 colonies died. The results obtained from the remaining 7 individuals are 
given in Table 4. 

The annual increase of length was 101.7 mm. in average and that of 
the weight was 65^ in average, showing slightly better growth at Station A. 
2. Acropora pulchra (Brook). 

Observation of this species was made at station A. Like the former 
this species is found in shallow water, but differs in, its exhibiting a light 
brown color and possessing very loosely arranged calcarious skeletons. In 
natural condition its height reaches 1 meter or more. The results of the 
observations which were made on six colonies during the period from Oct. 
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Table 4. Acropora abrotanoides (Lam) ? 


No. 

Initial size 

Period 

of 

growth 

Increase for period 

Annual increase 

Length 

Weight 

Branch 

Length 

Weight 

Branch 

Length 

Weight 

1 

mm. 

307.0 

262.0 

6 

days 

102 

mm. 

23.0 

% 

9.12 

8 

mm. 

82.11 

% 

32.55 

o 

300.0 

153.0 

5 


3.0 

9.01 

3 

10.71 

33.16 

3 

200.0 

603.0 

14 

99 

44.0 

15.90 

5 

167.00 

60.70 

4 

275.0 

442.0 

6 

99 

28.0 

8.69 

0 

99.96 

30.06 

5 

205.0 

683.0 

17 

» * 

38.5 

2.77 

1 

137.44 

9.89 

0 

230.0 

125.0 

6 

M 

28.0 

33.20 

1 

99.96 

118.50 

7 

146.0 

104.0 

5 


35.0 

12.90 

2 

124.90 

46.05 

Mean 





28.5 

13.07 


101.72 

46.65 


23rd to Dec. 20th (15)29), are shown in Table* 5. The annual increase of 
length was 225.8 mm. in average. The increase in weight was not measured. 
The growth rate of this species was most rapid among all the corals 
employed in the present study. 


Table 5. Acropora pulchra (Brook). 


No. 


Initial si/.e 


Period of 

Increase for period 

Annual 

increase 

Length 

Weight 

Branch 

growth 

Length 

Branch 

Length 


mm. 

8- 


days 

mm. 


mm. 

1 

163.0 

90.0 

10 

60 

41.0 

4 

240.0 

o 

147.0 

53.0 

13 


38.0 

0 

228.0 

3 

127.0 

04.0 

11 


35.0 

1 

215.0 

4 

95.0 

32.0 

0 

• • 

37.0 

1 

222.0 

5 

92.0 

29.0 

6 

M 

36.0 

4 

210 !o 

6 

92.0 

32.0 

10 

>1 

39.0 

*» 

234.0 

Mean 





37.66 


225.8 


3. Acropora digitifera (I)ana). 

This species is abundantly found in Yapp Island. The mode of branch¬ 
ing differs much from the above two species already described, by growing 
only inwards thus exhibiting a mush-room-like appearance. The diameter 
of a large colony was over 2 meters with a height of 0.5 meters. The 
body is light bluish violet in color and the skeleton is hard and heavy. 
The observation was made at Station A in Yapp Island during the period 
from Oct. 29th to Feb. 24th (1930), extending to 118 days. The results 
taken from six specimens are given in Table 6. The annual growth of length 
was 11.95 mm in average and that of weight was 128.0 # in average. 
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.Table 6. Acropora digitifera (Dana). 



Initial size 

Period 

Increase for period 

Annual increase 

No. 




of 






Length 

Weight 

Branch 

Length 

Weight 

Branch 

Length 

Weight 


growth 


mm. 



days 

mm. 

% 


mm. 

% 

1 

112.5 

37.0 

5 

118 

3.0 

.42.7 

1 

9.3 

132.37 

o 

104.5 

40.0 

5 


5.0 

03.0 

4 

15.0 

195.30 

3 

85.0 

20.5 

4 


3.0 

45.fi 

1 

9.3 

141.30 

4 

85.0 

30.0 

5 


4.0 

40.0 

O 

12.4 

124.00 

5 

82.0 

04.0 

8 

99 

3.2 

27.3 

0 

9.9 

84.03 

6 

80.0 

38.5 

7 

9» 

6.0 

29.0 

6 

10.4 

91.70 

Mean 





3.07 

41.3 


11.95 

] 128.00 


During the period of 118 days the branches increased from one to 6. 

At station B from Nov. 19th to Feb. 28th (1930), extending for a 
period of 102 days, similar observations were made on the same species 
represented by 10 individuals and the results are shown in Table 7. 
Among the ten specimens observed, one colony dic'd during the experiment. 
The annual growth of length was 10.1 mm. in average and that of weight 
was 65^o in average. 

Table 7. Acropora digitifera (Dana). 



Initial size 

Period 

Increase for pciiod 

Annual 

ii ci ease 

No. 

Length 

Weight 

Branch 

of 

growth 

Length 

Weight 

Branch 

Length 

Woi K ht 


mm. 

K- 


days 

mm. 



mm. 

% 

1 

173.0 

380.0 

26 

102 

4.0 

22.3 

4 

11.28 

79.01 

o 

171.0 

185.0 

14 

99 

2.5 

18.9 

7 

8.93 

07.47 

3 

160.0 

400.0 

30 


1.0 

19.2 

10 

3.57 

08.54 

4 

134.0 

110.0 

14 

” ! 

5.0 

12.1 

o 

17.85 

43.19 

5 

133.0 

135.0 

11 


2.0 

12.5 

0 

7.14 

44.62 

6 

129.0 

159.0 

19 


4.0 

16.0 

0 

14.28 

59.20 

7 

121.0 

150.0 

8 


2.0 

10.0 

0 

7.14 

37.84 

8 

98.0 

134.0 

26 


4.0 

30.5 

8 

14.28 

108.80 

9 

88.0 

193.0 

24 


1.0 

21.2 j 

1 

3.57 

75.08 

Mean 





2.65 

19.9 


10.11 

05.00 


The results show that the growth was much faster in station A than 
in station B which concords well with the case of Acropora abrotanoides 
(Lam) ?. Even natural habitates, the growth of the reef corals in station 
A exceeded those of station B. 

4. Acropora polymorpha . 

This is another common species found in Yapp Island. The observation 
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Table 8. Acropora polymorpha . 


No. 

Initial size 

Period 

of 

growth 

Increase for period 

Annual increase 

Length 

Weight 

Branch 

Length 

Weight 

Branch 

Length 

Weight 


mm. 

g- 


days 

mm. 

so 


mm. 

% 

1 

105.0 

.80.0 

8 

118 

9.5 

37.5 

6 

28.45 

116.25 

2 

94.0 

32.0 

5 


12,0 

37.5 

9 

37.20 

116.25 

a 

92.0 

22.0 

0 

„ 

5.0 

45.4 

2 

15.50 

140.70 

4 

89.0 

25.0 

5 

M 

12.0 

37.5 

9 

37.20 

116.25 

5 

88.0 

.30.0 

7 

" 

9.5 

37.5 

a 

28.45 

116.25 

Moan 





7.84 

34.7 


22.20 

124.70 


was made* during the period from Oct. 24th to Feb. 24th (1930), at station 
A, and the results are given in the Table 8. One specimen died during 
the course of experiments. The annual growth length was 22.2 mm. in 
average and that of the weight was 136.6 mm. in average. Nine branches 
were added in one case and only one in another during the 118 days. 

5. Porites nigrescens Dana var. 

This common spec ies in Yapp Island presents a greenish brown color 
and its branches are short and irregular. Usually the' height of the speci¬ 
men found in Yapp did not exceed 2 meters. The observation continued 
during the period from Oct. 30th to Jan. 24th (19.30), using 6 colonies 
and the results are given in Table 9. 


Table 9. Porites nigrescent Dana var. 


No. 

Initial size 

Period 

of 

growth 

Increase for period 

Annual 

incMMse 

Length 

Weight 

Branch 

Length 

Weight 

Brunch 

Length 

Weight 

1 

mm. 

102.5 

8 * 

115.5 

5 

days 

86 

mm. 

3.5 

?o 

•>2 «7 

0 

mm. 

14.8 

O ' 
fO 

138.6 

o 

91.8 

90.0 

r» 

P » 

1.7 

11.1 

0 

7.2 

47.1 

3 

85.0 

67.5 

3 

M 

6.0 

13.3 

0 

25.4 

56.4 

4 

56.0 

20.0 

1 

•• 1 

0.0 

50.0 

0 

23.4 

212.0 

6 

56.0 

18.0 

1 


5.0 

42.3 

0 

21 2 

179.4 

6 

53.0 

15.5 

1 

1 P 

4.0 

38.7 

0 

16.9 

162.8 

Mean 



" 


| 4.41 ! 

31.3 


18.5 

132.5 


The annual growth of height was 18.5 mm. in average and that of the 
weight was 132.5?4 in average. No branches increased during the 
experiment. 

6. Stylophora mordax Dana. 

This species was found abundantly at station B in Yapp Island and 
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not at station A. The body is somewhat cube-shaped and white in color. 
The diameter did not exceed 40 cm. in the specimens found in Yapp Island. 
Observations were made for a period from Nov. 28th to Feb. 28th (1930) 
at station B. One colony among the ten specimens examined died during 
the period of 102 days. The results obtained from nine specimens are 
shown in Table 10. 


'Fable 10 . Stylophora mordax Dana. 


No. 

Initial size 

Period of 

Increase for ponod ; 

Annual 

increase 

Length 

Weight 

growth 

Length 

Weight ; 

Length 

Weight 



mm. 

g. 

davs 

mm. 

% 

mm. 

% 

1 

172.0 

1040.0 

102 

11.0 

20.1 

39.3 

71.76 

a 

164.0 

800.0 


6.0 

10.5 

21.4 

69.61 

3 

10 !). 0 

587.0 

• > 

12.0 

18.0 i 

42.8 

61.26 

4 ! 

147.0 

560.0 

j 

11.0 

12.8 i 

39.3 

j 45.70 

5 

141.0 

730.0 

•» 

17.2 

19.0 I 

61.4 

67.83 

6 

131.0 

625.0 


11.0 

13.8 ! 

39.3 

1 49.27 

7 1 

131.0 1 

1 310.0 


5.0 1 

6.1 

17.9 

21.78 

8 | 

125.0 

260.0 

: w 

3.0 i 

19.1 ; 

10.7 

1 68.19 

9 

121.0 

356.0 

\ 

1 

10.0 

1 

13.9 ! 

i 1 

35.7 

i 49.62 

Mean j 


! 

j 0 . 57 ' 

15.81 

34.2 

! 56.11 


The annual increase of length was 31.2 mm. in average and that of 
weight was 56.4 °/o in average. 

7. Pocillopora malokensis Vaughan. 

This coral is found abundantly in Yapp Island, and its si/e in natural 
condition is over 2 meters in diameter. The observations were made during 
the period from Oct. 30th to Feb. 24th at station A in Yapp Island. The 
results obtained from 6 individuals are given in 'Fable 11. 

Table 11. Pocillopora malokensis Vaughan. 



Initial size 

Period 

Increase for period 

Annual 

increase 


Length 

Wt ight 

Branch 

ot 

growth 

length 

Weight 

Branch 

Length 

Weight 


mm. 

K. 


days 

mm 

o 


mm. 

% 

1 

94.0 

98.0 

7 

117 

2.0 

23.6 

1 

6.24 

73.64 

2 

83.0 

31.0 

1 


o 

4.8 

0 

o 

11.68 

3 

74.0 

56.0 

3 

• a 

3.2 

17.8 

0 

9.99 

55.54 

4 

72.0 

45.0 

3 

ft 

4.5 

33.3 

2 

14.04 

103.90 

6 

65.0 

20.0 

1 

tt 

2.0 

16.5 

0 

6.24 

51.48 

6 

63.5 

23.4 

o 

99 

2.3 

20.5 

0 

7.18 

63.96 

Mean 





2.33 

| 19.4 


6.28 

60.53 
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Curiously enough one of the colonies shower! no growth in the course 
of the experiment. The annual increase of length was 6.28 mm. in average 
and that of weight was 60.53% in average. 

8. Porites convexa (Vkkrill). 

This species is found abundantly even where the salinity of water is 
much decreased due to discharge of inland water. The observations were 
made during the period from Oct. 31st to Feb. 21th (1930) at station A, 
and the results obtained from four individuals are shown in Table 12. 


Table 12. Porites convexa (Verrill). 


1 

No. ; 

Initial size 

t 

Period * 
of 

Increase for period 

Annual 

increase 

Length j 

Weight | 

i 

Branch j 

Length 

! Weight 

Branch 

Length 

1 Weight 


growth 


mm 1 

K. 1 

1 

davs ! 

| : 

mm. | 

l 


mm. 

i 

1 

94.0 

24.0 , 

1 | 

85 

4.1 

12.5 

0 

18.89 

| 53.63 

2 

94.0 

22.5 

»> ( 

, p 

3.0 

33.3 

0 

21.45 

1 142.80 

o 

*» 

80.0 

24.0 

4 | 

1 

.1.5 

12.5 

0 

15.02 

, 53.63 

1 

09.0 

i 11.0 

_ 1 i 


5.0 

27.2 

0 

21.45 

i 116.69 

Moan 


| ' | 

1 


4.47 

| 21.4 


| 19.2 

!’ 91.7 


Two colonies among the 6 died in the course of 85 days. The annual 
increase of length was 19.2 mm. in average and that of weight was 91.7% 
in average*. No branches were added during the experiment. 

9. Porites lulea. 

This massive* coral is found abundantly in Yapp Island. It is yellowish 
brown in color, and the size of a large colony exceeds 1 meters in diameter. 

Fable 13. Porites lutea. 


No. 


initial 

size 

Thick¬ 

ness 


Period 

of 

growth 

Increase for period 

Annual increase 

Length 'Weight 

Length |Breadth 

JS 

t* 

S 

£ 

Length Breadth 

1 hick¬ 
ness 

Weight 


m in. 

mm. 

min. 

K 

days 

mm. 

mm 

mm. 

% 

mm. 


1 

120.0 

83.0 

70.0 

770.0 

102 

5.0 

2.0 

0 

9.22 

17.85 

32.91 

•» 

103.0 

83.0 

67.0 

470.0 


1.5 

0 

1.2 

7.65 

5.36 

27.31 

3 

101.0 

81.0 

71.0 

500.0 


4.0 

0 

1.0 

12.40 

14.28 

44.26 

4 

88.0 

18.0 

i 25.o ; 

105.0 

M 

o 

2.0 

5.0 

13.30 

0 

47.48 

5 

81.0 

55.0 

38.0 

130.0 


1.0 

<> 

4.0 

27.60 

3.57 

98.53 

6 

81.0 

60.0 

41.0 

210.0 

M 

1.0 

2.0 

0 

15.70 

3.57 

62.17 

7 

80.0 

61.0 

, 4M> 

238.0 

M 

2.0 

0 

1.0 

4.38 

7.14 

15.64 

8 

80.0 

48.0 

[ 43.0 

140.0 

• f 

1.0 

6.0 

3.0 

28.50 

3.57 

101.74 

9 

80.0 

45.0 

38.0 

130.0 

M 

0 j 

2.0 | 

0.3 

20.70 

0 

73.90 

Mean! 


i 



1.71 



15.49 

6.15 

56.02 








GROWTH OF CORALS IN SOUTH SKA ISLAND 143 

Observations were made during the period from Nov. 15th to Feb. 21th 
(1930) at station A in Yapp. The results obtained from nine individuals 
are given in Table 13. One out of the ten colonies used, died during 
the experimental course of 102 days. The annual increase of length was 
calculated to be 17.85 mm. in maximum. Two of the specimens showed 
no growth during the experiment, but the average growth was found to 
be 6.15 mm. The annual increase of weight was calculated to he 56.02*© 
in average. 

10. Montipora vercosa (Lam). 

This massive* coral is found Jess frequently in the station B off Maki 
in Yapp. The body exhibits a purplish coloration, and a large specimen 
often exceeds 2 meters in diameter. The observations were made during 
the period from Nov. 19th to Feb. 28th (1930) at station B and the 
results obtained from ten experiments are given in 'Fable 11. 


Table 1 1 . Montipora vercosa (Lam). 



Initial size 

Period 

Increase for peiiod ! 

Annual 

n< rcase 

No. 

. — 

— 

. 

of 

-- 


- 


--- - 


Length 

Breadth 

Weight 

growth 

Length 

Breadth 

Weight 

Length 

Weight 


mm. 

mm. 

8- 

days 

mm. 

mm. 


mm 

6 ' 

„ rj 

1 

2*30.0 

75.0 

1040.0 

102 

2.0 

0 

6.95 

7.14 

22.31 


184.0 

76.0 

570.0 

M 

«» »> 

0 

6.49 

7.85 

23.17 

a 

171.0 

66.0 

610.0 

ft 

1.5 

0 

5.13 

5.36 

18.38 

4 

133.0 

103.0 

1340.0 

H 

M »> 

7.0 

5.58 

7.85 

19.92 

5 

130.0 

87.0 

700.0 

If 

2.0 

2.0 

9.85 

7.11 

32.09 

ft 

130.0 

80.0 

724.0 

• » 

3.0 

0.5 

1.97 

10.71 

17.74 

7 

126.0 

06.0 

1255.0 

M 

2.0 

1.0 

1.98 

7.14 

17.77 

8 

118.0 

85.0 

565.0 


2.0 

3.0 

5.13 

7.11 

18.31 

9 

103.0 

62.0 

148.0 


1.0 

0 

10.40 

3.57 

37.12 

10 

101.0 

85.0 

617.0 


1.0 

2.0 

5.87 

3.57 

i 

20.95 

Mean 

- 




1.89 


6.48 

6.75 

22.98 


The annual increase of length was 6.75 mm. in average and that of 
weight was 22.98^ in average. 

11. Fungia fungiles var. haimei Verrill. 

Altogether 3 species of Fungia are found in Yapp Island. The speci¬ 
mens chosen for the present study wore of mush-room shaped form, which 
alives on the coral rock or on another species of living corals. The 
observations were made during the period from Nov. 15th to Feb. 21th 
(1930) at station A. The results obtained from ten experiments are given 
in Table 15. The annual increase of length was 6.13 mm. in average and 
that of weight was 16.2?© in average. 
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Table 15. Fungia fungites var. haimei Verrill. 


No. 

Initial size 

Period of 

Increase for period 

Annual 

increase 

Length 

Weight 

growth 

Length 

Weight 

Length 

Weight 


mm. 

g- 

days 

mm. 


mm. 


1 

nn.o 

720.0 

102 

1.3 

2.77 

4.64 

9.89 

o 

138.0 

500.0 


2.0 

3.40 

7.14 

12.13 

3 

1.34.0 

370.0 


2.0 

5.26 

7.14 

18.77 

4 

119.0 

27a. 0 

• • 

2.0 

4.02 

7.11 

14.35 

5 

118.0 

:m.o 


2.0 

4.64 

7.14 

16.56 

0 

118.0 

328.0 

It 

2.5 

6.09 

8.93 

21.74 

7 

116.0 

279.0 

t» 

0.5 

3.94 

1.79 

14.10 

8 

112.0 

252.0 

ft 

1.0 

5.15 

3.57 

18.38 

9 

101.0 

179.0 

• ft 

3.0 

5.58 

10.71 

19.92 

Mean | 




1.63 

4.08 

6.13 

16.20 


12. Fungia echinatus (Pallas). 

Unlike the former species, this mush-room shaped coral is elliptical in 
shape. The observations were made during the period from Nov. 15th 
to Feb, 24 th (1930), at station A of Yapp Island using 9 colonics. The 
results are shown in Table 16. One of these specimens died in the course 
of 102 days. The annual growth length was 16.86 mm. in average and 
that of weight was 52A2% in average. In the two species of Fungia 
above described the later grew faster than the former. 

Table 16. Fungia echinatus (Pallas). 


No. 

Initial size 

Period 

of 

growth 

Increase for period 

Annua) 

increase 

Length 

Branch 

Weight 

Length 

Branch 

Weight 

Length 

Weight 


mm. 

mm. 

g- 

days 

mm. 

mm. 

°a 

mm. 

% 

1 

167.0 

80.0 

360.0 

102 

5.5 

0 

3.33 

19.63 

11.88 

o 

155.0 

75.0 

:tio.o 

„ 

5.0 

0 

6.25 

17.85 

22.31 

3 

150.0 

78.0 

220.0 

• ft 

7.0 

1.0 

6.81 

24.99 

24.31 

4 

143.0 

68.0 

180.0 

M 

2.0 

6.0 

20.80 

7.14 

74.25 

5 

140.0 

67.0 

180.0 

ft 

5.0 

3.0 

21.10 

17.85 

75.32 

6 

135.0 

67.0 

157.0 

ft 

2.0 

0 

7.64 

7.14 

27.27 

7 

130.0 

61.0 

170.0 

• V 

5.5 

1.0 

14.10 

19.63 

50.33 

8 

130.0 

67.0 

157.0 

ft 

2.6 

0 

25.40 

9.28 

90.62 

9 

j 126.5 

63.0 

150.0 


8.0 

2.0 

26.00 

28.56 

92.82 

Mean 

! 



1 

4.73 


14.63 

16.89 

52.12 


13. Fungia sp. 

Observations were made during the period from Nov. 1st to Feb. 17th 
(1931) in Palau Island. The results obtained from 18 experiments are 
given in Table 17. The annual increase of length was 6.3 mm. in average. 
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Table 17. Fungia sp. 


No. 


Initial 

size 


Period 

of 

growth 

Increase for period 

Annual increase 

Length 

Breadth 

Thick¬ 

ness 

Weight 

length 

Breadth 

Thick¬ 

ness 

Weight 

Length 

Weight 


mm. 

mm. 

mm. 

f?r. 

days 

mm. 

mm. 

mm. 

% 

mm. 

, O 

1 

173.0 

166.0 

32.0 

667.1 

110 

1.7 

2.0 

0 

? 

5.62 

? 

o 

159.0 

149.0 

30.4 

643.1 


0.4 

0.3 

3.3 

> 

1.32 

> 

a 

155.0 

143.5 

33.5 

556.2 


0 

0 

3.0 

> 

0 

? 

4 

163.2 

152.8 

30.0 

505.6 


2.0 

0.2 

2.0 

> 

6.62 

i 

5 

150.0 

144.0 

28.0 

461.5 

ii 

1.5 

0 

0 

0.81 

4.96 

22.52 

a 

144.8 

147.5 

28.5 

504.1 

M 

0.2 

2.1 

0 

1.92 

0.66 

6.36 

7 

144.3 

140.0 

31.5 

475.2 

99 

2.0 

3.1 

0 

4.92 

6.62 

16.28 

8 

142.0 

140.0 

33.0 

429.3 

99 

1.2 

1.0 

6.2 

0.39 

3.97 

1.29 

9 

141.5 

134.0 

49.0 

404.7 

99 

1.8 

2.6 

0 

15.56 

5.96 

51.50 

10 

137.6 

136.0 

35.0 

411.3 

99 

1.0 

1.5 

0 

5.30 

3.31 

17.57 

11 

136.0 

131.0 

29.5 

393.3 

99 

0.2 

0.7 

1.6 

5.67 

0.66 

18.76 

12 

131.0 

126.2 

34.0 

315.4 

99 

4.5 

5.4 

0 

16.09 

14.98 

53.25 

13 

127.7 

123.5 

32.5 

357.5 

99 

5.3 

1.8 

0.5 

6.28 

17.54 

20.79 

14 

119.4 

117.5 

26.2 

245.0 

99 

2.8 

5.3 

1.8 

9.10 

9.27 

30.18 

15 

97.8 

91.0 

22.0 

143.3 

99 

3.4 

3.8 

1.8 

11.67 

11.25 

38.62 

16 

96.1 

96.7 

22.0 

164.9 

99 

0.4 

2.3 

0 

6.18 

1.32 

20.45 

17 

89.0 

88.0 

25.0 

127.2 

)» 

3.0 

6.0 

0 

15.66 

9.93 

51.83 

18 

77.0 

74.0 

17.5 

65.5 

• • 

1.0 

0.6 

0 

6.92 

3.31 

22.90 

Mean 






1.90 

; 



8.07 

0.30 

26.30 


Several specimens showed no increase in length, hut showed an increase 
in thickness and also in the number of branches. The average annual 
growth of weight was 26.66%. In weighing the specimens the water 
contained between the septum of Fungia was not completly removed, so 
the figures given in the table are all approximate figures. 

14. Fungia actiniformis Quoy & Gaimard var. palawensis Dodkrlein. 

This Fungia has many long tube-like tentacles, and thus may easily 


Table 18. Fungia actiniformis Quoy & Gaimard 
var. palawensis Doderlein. 


No. 


1 

2 
a 
4 
6 
0 


Depth. 

m. 

1 

3 

Initial si/.e 

Period 

of 

growth 

Length 

Breadth 

Thick¬ 

ness 

mm. 

100.8 

63.2 

48.0 

99.0 

74.0 

51.5 

mm. 

88.8 

60.0 

47.0 

90.6 

67.5 

49.0 

mm. 

25.0 

21.1 

16.0 

20.4 

25.0 

17.0 

days 

94 

M 

99 

99 

99 

99 







Increase of period jAnnual increase 


Length 

Breadth 

[ Thick- | 

ness 

Length 


mm. 

mm. 

mm. 

mm 


0.7 

0 

0.6 ! 

2.72 


0.7 

0.2 

0.2 

2.72 


6.6 ; 

4.6 

1.6 

25.60 


0 

0 

6.1 

0 


1.0 

3.0 

0 

3.88 


1.2 

1.2 

0.5 

4.66 





6.59 



Mean 
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be distinguished from the other closely related species. Observations were 
made during the period of 94 days, from Nov. 18th to Feb. 20th (1931) 
in Palau Island. The data obtained from 6 specimens are given in Table 18. 

The average annual increase of length was 6.59 mm. There were some 
specimens which showed no increase in length during the course of 94 
days. The increase of weight was not observed in this case. The growth 
rate of one specimen placed in surface* water and another in a depth of 
3 meters showed no difference in this respect. 

15. Fungia fungites var. haimei Verrill. 

Observations were made during the period from Nov. 18th to Feb. 
20th (1931) in Palau Island, and the results obtained from three specimens 
are given in Table 19. In this experiment three specimens were placed 
at different depths, namely: surface, 3 meter deep, and 7 meter deep. 
The difference of growth due to depth was not remarkable. The annual 
increase of length was 4.3 mm. in average and that of weight was 21.9396 
in average. The increase of volume in the two specimens were 11.75 and 
1.31 %, with an average value of 6.53%. 

16. Fungia costulata Ortmann. 

Observations on four individuals were made during the period from 
Nov. 18th to Feb. 20th (1931) in Palau Island, and the results an* given 
in Table 20. The annual increase of length was 2.7 mm. in average and 
that of weight w 7 as 16.07 °/o in average. The annual in< rease of volume 
determined on two specimens was 10.14"* in average. 

17. Fungia echinatus (Pallas). 

The observations were made during the period from Nov. 1st to Feb. 
17th (1931) in Palau Island, and the results obtained from 11 individuals 
are given in 'Fable 21. The annual increase of length was 11.8 mm. in 
average and that of weight was 18.11"/* in average. 

18. Herjyetolitha stricta (Dana). 

Observations were made during the period from Nov. 1st to Feb. 17th 
(1931) in Palau Island, and the results obtained from two individuals are 
shown in Table 22. The annual increase of length was 23.1mm. in 
average and that of weight was 11.63"* in average. 

19. Fungia paumatensis Stutchbury. 

The observations were made during the* period of 110 days in Palau 
Island, and the results obtained from five individuals are shown in "Fable 
23. The annual increase of length was 3.9 mm. in average and that of 
weight was 18.78% in average. 

20. Favia speciosa (Dana). 
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Table 21. Fungia echinatus (Pallas). 


No. 


Initial 

size 


Period 

of 

growth 

Increase for period 

Annual increase 

Length 

Breadth 

Thick¬ 

ness 

Weight 

Length Breadth™^' 

Weight 

Length 

Weight 


mm. 

mm. 

mm. 

g- 

days 

mm. 

mm. 

mm. 

fa 

mm. 

% 

1 

261.0 

99.2 

32.6 

784.6 

110 

3.5 

0 

6.0 

2.19 

11.59 

5.69 

•> 

240.5 

102.3 

45.0 

824.1 


0.7 

0 

0 

> 

2.32 

? 

3 

236.0 

118.0 

48.0 

787.6 


0.8 

1.3 

1.0 

7.84 

2.45 

25.95 

4 

232.0 

102.6 

29.2 

740.6 

*• 

7.5 

1.0 

11.1 

4.18 

24.82 

13.83 

5 

231.1 

80.0 

25.0 

600.6 


5.9 

1.5 

3.3 

8.00 

19.53 

26.48 

6 

231.0 

104.6 

35.6 

755.4 

M 

5.8 

15.3 

11.4 

12.45 

19.20 

41.42 

7 

218.0 

96.3 

42.0 

| 575.1 

9» 

4.5 

2.1 

2.2 

7.68 

14.90 

25.42 

8 

214.5 

91.8 

43.2 

637.7 


2.7 

2.0 

6 

5.68 

8.94 

18.80 

9 

208.0 

90.4 

i 45.0 

587.7 

>9 

0.3 

0 

o 

1.85 

! 0.99 

6.12 

10 

201.5 

87.8 

33.8 

433.4 

99 

3.2 

1.2 

0 

0.76 

10.92 

2.52 

11 

200.2 

83.5 

30.5 

404.6 

M 

4.5 

1.0 

1.1 

6.27 

14.90 

20.75 

12 

199.0 

83.8 

29.5 

492.0 

99 

13.0 

0 

4.3 

2.74 

43.02 

9.07 

13 

196.3 

74.6 

24.0 

343.2 

99 

4.7 

2.4 

0.5 

5.76 

15.56 

19.07 

14 

175.3 

84.0 

33.4 

414.7 

99 

3.2 

1.0 

1.2 

7.11 

10.59 

23.53 

■ 

Mean 






4.5 

2.6 

3.2 

j 14.80 

18.41 


Table 22. Herpetolitha stricta (Dana). 


No. 


Initial 

size 


Period 

of 

growth 

Increase for period 

Annual 

increase 

Length 

i 

Breadth 

Thick¬ 

ness 

Weight 

length 

Breadth 

Thick-1 
ness | 

Weight 

Length 

Weight 

1 

o 

mm. 

233.5 

194.7 

mni. 

75.5 

74.0 

mm. 

34.5 

26.0 

K* 

506.9 

344.5 

days 

110 

99 

mm. 

6.9 

7.3 

mm. 

? 

1.8 

mm. 

0 

1.2 

% 

2.03 

6.81 

mm. 

22.83 

24.16 

% 

6.72 

22.54 

Mean 






7.1 

1.8 


4.42 

23.40 

14.63 


Table 23. Fungia paumatensis Stutchbury. 


No. 


Initial 

size 


Period 

of 

growth 

Increase for period 

Annual increase 

Length 

Breadth 

jThick- 
i ness 

Weight 

Length 

Breadth 

[Thick- 
! ness 

jWeight 

Length 

Weight 


mm. 

mm. 1 

mm. 

mm. 

days 

mm. 

mm. 

mm. 


mm. 

Jo 

1 

125.0 

73.0 

25.8 

260.9 

110 

1.5 

0 

0 

? 

4.96 

■> 

O 

120.7 

81.6 

32.5 

330.6 

,, 

0.1 

0 

0 

? 

0.33 

7 

O 

109.0 

71.5 

24.0 

206.0 

,, 

1.8 

0 

0 

? 

5.96 

? 

4 

103.5 

75.0 

27.0 

229.4 


1.0 

2.0 

0 

4.12 

3.31 

13.64 

o 

95.8 

63.0 

21.8 

130.6 


1.7 

1.7 

1.0 

7.23 

5.62 

23.93 

Mean 

i 






1.2 



5.52 

3.90 

18.78 


This coral builds a large massive colony at Palau Island, and its dia¬ 
meter exceeds 3 meters. The observations were made during the period 
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from Nov. 14th to Feb. 19th (1931), and the results obtained from three 
colonies are given in Table 24. The annual increase of lengthwise diameter 
was 5.5 mm. in average and that of weight was 19.47in average. The 
annual increase of volume obtained from two specimens was 25.68-145.5*6, 
showing an average of 85.5 %. 


Table 24. Favia speciosa (Dana). 


No. 


Initial 

she 


Period 

of 

growth 

Increase for period 

Annual 

increase 

Length 

Breadth Height 

1 . 1 1 

Weight 

Length 

Breadth 

l 

HeightjWeight 

Length 

Weight 


mm. 

mm. 

mm. 

l £• 

days 

mm 

mm. 

mm. 

% 

mm- 

O' 

1 

161.5 

161.8 

98.0 

I 1981.6' 97 

2.0 

1.7 

0.9 

2.71 ! 

7.52 

10.15 

o 

142.6 

119.0 

66.0 

888.2 

,, 

0.6 

7.6 

2.2 

7.88 

2.26 

29.03 

3 

140.8 

127.4 

103.0 


.» 1 

2.0 

5.6 

9 2 

5.00 

7.52 

18.80 

Mean 



i 

i 

j 1879.3 


1.63 

4.93 

4.10 

5.19 

5.73 

19.47 


DISCUSSION 

The coral growth with which we are dealing in the present paper 
means simply the growth of a colony and not that of an individual. The 
coral propagates in two ways, i.e. sexualy and asexualy. The growth of 
a colony is accomplished exclusively by budding or by asexual reproduction. 
So that the natural method of studying the growth rate of a colony should 
be, by counting the number of coral zooid (polyps) which propagates by 
budding. In the present work, however, the growth rate was measured 
simply by determining the increase of dimension, weights etc. 

The growth of several corals which were already given are summarised 
in Table 25. As will be seen from the table, the growth rate of corals 
differs with the species, as well as with locality. 

In Yapp Island, the growth of four species of Acropora were observed. 
The results show that Acropora pulchra (Brook) showed an annual growth 
of 225.8 mm. in average, while in Acropora digitifera (Dana) it was only 
11.95 mm. in length. Consequently, it follows that under an equal condition 
the former species grows about twenty times as fast as the later species. 
It seems interesting to note in this connection that the former possesses 
a very loose and light skeleton contrasted with the dense and heavy 
skeletons of the later. 

Among the branching Porites, Forties nigrescerts alone showed an annual 
increase 19.2 mm. in length and 142.86?^ in weight. 
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Table 25. Growth rate of reef building corals. 



Specie* 

.2 § 

Average in¬ 
crease for 
period 

Annual increase 

9* 

0 % 

Locality 


& 

CL 

Length 

Weight 

Length 

Weight 

^ * 



1 

Acropora abrotanoides (Lam ) 

days 

92 

mm. 

31.30 

% 

12.70 

mm. 

125.33 

% 

50.80 

6 

Yapp A 

0 


102 

28.50 

13.07 

101.72 

46.65 

7 


B 

a 

Acropora pulchra (Brook) 

60 

37.66 

> 

225.80 

•> 

6 


A 

4 

Acropora digitifera (Dana) 

118 

3.97 

41.30 

11.95 

128.00 

6 

” 

A 

5 

99 II 

102 

2.65 

19.90 

9.48 

65.00 

9 


B 

6 

Acropora poly mot pha 

118 

7.83 

3-1.70 

22.20 

124.70 

5 

" 

A 

7 

Porites nigrescens Dana var. 

86 

4.41 

31.30 

18.50 

132.50 

6 

M 

A 

8 

Stylophora mordax Dana 

102 

9.57 

15.81 

34.20 

56.44 

9 

if 

B 

9 

Pocillopora malokensis V At ic.HAN 

117 

2.33 

19.40 

6.28 

60.54 

6 

it 

A 

10 

Porites convexa (Vkkrill) 

85 

4.47 

21.40 

19.20 

91.70 

4 

If 

A 

11 

Porites lutea 

102 

1.71 

15.49 

6.15 

56.02 

9 

M 

A 

12 

Montipora vercosa (Lam) 

102 

1.89 

6.48 

6.75 

22.98 

10 

99 

B 

13 

Fungia fun git es var. 

102 

1.63 

4.08 

6.13 

16.20 

10 

9 9 

A 

14 

Fungia ec.hinatus (Pai.las) 

102 

4.73 

14.63 

16.89 

52.12 

9 

a 

A 

15 

Fungia sp. 

110 

1.90 

8.07 

6.30 

26.66 

19 

Palau 

16 

Fungia actinofornns Q & G. 

94 

2.00 

? 

7.80 

> 

6 



17 

Fungia fungites vai. 

94 

1.10 

6.40 

4.30 

24.93 

3 



18 

Fungia costulata Ortmann 

94 

0.70 

4.14 

2.70 

16.07 

4 



19 

Fungia echinatus (Pallas) 

110 

4.50 

5.63 

14.80 

18.41 

14 



20 

llerpetolitha stricta (Dana) 

110 

7.10 

4.42 

23.40 

14.63 

0 



21 

Fungia jxmmatensis S. 

110 

1.20 

5.52 

3.90 

18.78 

5 



22 

Favia speciosa (Dana) 

97 

1.50 

5.19 

5.50 

19.17 

3 




Asahina (1931) found that Acropora sp. grew 220 mm. in length during 
the period from Dec. 1925 to June 1930 at Palau Island. From this, he 
estimated its annual growth to be 44 mm. in length. 

Massive corals such as Porites , or Montipora showed an annual increase 
of 6.2 -7 .6 mm. in length and 23-56in weight. Edmondson (1929) 
studied and growth rate of the massive porites in Hawaii and reported 
that it increases 8 to 10 mm. in length, and about 60 96 in weight annually. 

As regards the mush-room corals, observations were made on two 
species in Yapp Island, and on seven species at Palau Island. The results 
show that the annual increase of these corals was 23.4-2.7 mm. or 9.85 mm. 
in average length and that of weight was 23.47 % . Edmondson (1929) 
states that free specimens of Fungia are able to grow from 5 to 6 mm. 
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in length annually. 

Thus all the corals enlarge their colonies with a certain rate charac¬ 
teristic to each, though they can not grow unlimitedly, and the growth 
ceases after attaining a certain size. This relation just mentioned has 
already been observed by several authors, for instances by Guppy (1889) 
and by Vaughan (1915). 

The size of the massive corals found in Yapp Island was mostly under 
5 meters in diameter. According to Mayor (1921), however, some colonies 
of Porites on the Great Harrier Reef measure 20 feet in diameter, while 
in Samoa Island it never exceeds 6.9 feet in diameter. 

The largest Fungia found in Yapp Island measured about 10 cm. in 
length. 

It is likely that similar as other animals, the coral can not continue 
its growth in a constant rate, and in addition some of them may be killed 
by the change of environmental factors such as salinity, temperature, cur¬ 
rent, food etc. 

Indeed it was found at Yapp Island that among 112 specimens repre¬ 
senting 12 species observed eight species died during the course of about 
100 days, thus giving an annual death rate of 25,9 %. Generally speaking, 
the reef building corals live in the shallow sea water above 10 fathoms. 
Forster Cooper (1905) (from Gardiner. 1931) made a collection of 
corals in the Indian Ocean and found that by 23 dregings at the depths 
of 11-45 fathoms, only one coral was obtained, while at the depth of 
16-20 fathoms 36 corals, including 16 genera, were obtained by 29 dregings. 

We obtained 3 species of Fungia at the depth of 3 10 meters at Palau 
Island, but regarding its vertical distribution we unfortunately have no 
data at present. For the purpose of reference the previous records of 
coral growth obtained by various investigators are tabulated : 


Pacific Ocean 


Species 

Annual 

Length 

Growth 

Weight 

Locality 

Worker 

I )ate 

Montipora incognita 

1 inch 

(35.7 weeks) 

Funafuti 

Finck 

1904 

Pocdlopora vercosa 


150". 


• • 

9 f 

Pocippopora grandis 

1 inch 

(13.5 weeks) 


» 

9 9 

Porites limor 

- 

42.27% 

.. 


9. 

Aeropora 

30 mm. 

501 gs 

Samoa 

Mayor 

1924 

Poallopora 

23 

272 


« 

M 

Branching porites 

30 „ 

222 „ 

" 


• * 

Massive porites 

17 „ 

? 


1 » 

M 
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Species 

Annual 

Length 

Growth 

Weight 

Locality 

Worker 

Date 

Pavana 

32 mm. 

34 gs 

Samoa 

Mayor 

1924 

Psammocora 

14 

85»» 

99 

- 


Porites astroeaides 

1.95 inch 

— 

Murray 

•• 

1918 

Symphayllia 

1.88 11 

-- 


*• 

" 

Porites evermanni 

11.6 mm. 

54.9,% 

Hawaii 

Edmondson 

1929 

Porites lobata 

7.1 .. 

54.6.. 

- 


” 

Porites compressa 

10.8 „ 

90.7.. 

- 

•• 

" 

Pocillopora meandrina 

14.8 

148.0 . 

- 

•• 

» 

Pocillopora ligulata 

14.5 .. 

137.5 . 

99 

•• 

99 

Pocillopora cespitosa 

13.9 „ 

103.5 „ 

•• 

it 

” 

Montipora vercosa 

14.0 

51.5m 

>* 



Stephanaria stellata 

5.7 „ 

48.5,, 


” 

99 

Cyphastrea ocellina 

S.O 

on o 

ArfW • +* *9 

• 

99 

99 

Pavona various 

- 

40.0 m 


t9 

99 

Fungia scutarix 

4.4 

17.2m 

M 

99 

" 

Leptastrea agassizi 

2.8 

20 .0., 

M 

M 

19 

Acropora sp. 

44.0 „ 


PaJau 

Asmiina 

1931 

Atlantic Ocean 






Orbicella annularis 

0.36 inch 


Havana 

Agassiz 

1890 

Manicina areolata 

0.14 „ 


M 

.. 

.. 

Isophylha dipisacea 

0.36 


.. 

.. 

M 

Orbicella annularis 

5.7 mm. 

29.1% 

Cording cray. 

Vaughan 

1915 

Orbicella annularis 

5.28 „ 


Dry Tartugas 

.. 

.. 

Acropora palmata 

• 24.4 .. 

231.8% 

Bahama 

99 


Pontes clavaria (branch) 

20.45 „ 


Dry Tortugas 

.. 

99 

Porites asteorides 

5.7 ,. 


Fort Jefferson 

M 

M 

(jtnrgonia flabellum 

51.0 

- 

Dry Tortugas 

Cary 

1914 

Plaxaura flexuosa 

20.0 tp 


.. 


» 

Indian Ocean 






Branching Porites 

1.5 inch 


Cocos 

Guppy 

1884 

Mass»ve Pontes 

0.5 0.75 „ 


99 

M 

»• 

Branching Madrcopores 

3.7 „ 


99 

Wood Jones 

1910 

Massive form 

23.0 mm. 


Maldives 

Gardiner 

1903 

Bra rbing coral 

35.0 


M 

M 

99 


Vaughan (1915) concluded that massive corals grow more rapidly in 
the Indian and Pacific Oceans than in the Atlantic. Mayor (1924) made 
an important investigation on the coral reefs at Florida and Dry Tortugas 
in the Atlantic, and at Samoa in the Pacific, and found that “ the rate 
of growth of reef building corals in the Pacific was about twice as rapid 
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as that of coresponding genera in the Atlantic, where there is much more 
precipitate of coral mud and less favorable food conditions.” 

Edmondson (1929) investigated the growth rate of reef building corals 
at Hawaii and states that, on the surface of the reef in Hawaii, the in¬ 
crease in height was less rapid than in the Indian and South Pacific 
Ocean. The growth rate in Hawaii approximates the rate recorded in 
the Bahama and Dry Tortugas. 

Vaughan (1916) and Edmondson (1928) studied the ecology of the 
coral and found that, favorable conditions for coral growth are found in 
the depth from surface to about 45 meters, firm bottom with no silty 
deposits, good circulation of water, good food supply, strong light, minimum 
temperature above 18 a C., and salinity about 27-28 were said to be 
favorable to them. 

The results of the present investigation indicate that I he rate of the 
growth of reef corals not only differs with the species, but individual 
difference in the same species is also considerable. All we can state at 
the present is, that the growth rate of the corals living in the South Sea 
Islands is quite similar to those of the Hawaiian corals which were studied 
by Edmondson (1929). 


SUMMARY 

1. The growth rate of the reef corals were observed in two localities, 
i.e. Yapp and Palau Islands. In the Yapp Sea, eight species of branching 
forms, two species of massive forms and two species of Fungia were 
observed, while in Palau seven species of Fungia and one specie's of massive 
coral were observed. 

2. Some species of Acropora were observed at two different stations 
in Yapp Island with the results that the growth rate is faster in the station 
where the other corals flourish better. 

3. Observations were made on four different species belonging to genus 
Acropora , and it was found that the growth rate of Acropora differs with 
the species. The annual increase of the length of Acropora pulchra 
(Brook) was 225.8 mm. while that of Acropora digitifera (Dana) was 
11.95 mm. The differences here found appear to be due to the differences 
in the form of branching and in the composition of skeletons. 

4. Massive corals such as Porites , Montipora , Favia showed an average 
annual increase of 6.13 mm. in length and 32.82 in weight. 

5. The results obtained from seven species of mush-room corals ( Fungia) 
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showed an annual increase of 9.58 mm. in length and 23.47 °/o in weight. 

6. In Yapp Island the growth rate of 112 individuals were observed 
during the period of about 1(M) days. Among those eight died during 
the course of experiment, giving a death rate of about 26^6 annually. 

7. Whether or not the growth rate of Fungia is correlated with the 

depth of water was studied, but no definite results were obtained. 

8. The rate of the growth of corals in Yapp and Palau Islands is 

similar to the Hawaiian corals. 

9. Although different corals grow at different rates characteristic to 

each species, but after attaining a certain size the growth ceases in all 

the corals. The maximum size attainable within a given species may partly 
be due to the differences of environmental conditions. 

(June 3rd, 1932). 
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EXPLANATION OF PLATES. 

PLATE XL 

General view of the fixed stage of corals. 

Acropnrn abrotano'ules (Lam)? x \- 
Acropora pulvhra (Bkook). X-)- 
Acropora digilifera (Dana\ x ~ 

Acropora polymorpha. x 1 
Pontes convexa (Vkrrili.). x ’ 

Pocillopora malokensis Vaughan, x 1 
Pnrites nigrescent Dana vor. x ]- 

PLATE XII. 

Stylophora mordax Dana, x-* 

Porites lutea . X y 
Montipnra vereosa (Lam). X ]- 
Favia specurta (Dana), x ^ 

Fungia fungites var. haimei VhRKILL. X ^ 

Fungia echinatus (Pallas), x -J- 
Fungia rostulata Ortmann. x * 

Fungia sp. X 

Fungia paumatensis STUT( HBUKV. X ^ 

Fungia actiniformis Quoy Gaimakd var. palawensis Dodkri.kin. x 
Herpetolitha stncta (Dana), x 
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EFFECTS OF INORGANIC SALTS ON PHOTIC ORIENTATION 
IN A LLOLOBOPHORA FOETIDA (Sav ). 

7. EFFECTS OF NaCl AND MgCl, OF DIFFERENT 
CONCENTRATIONS. 

By 

Ekitaro Nomura and Shinryo Ohfuchi. 

Biological Institute , Tdhoku Imperial University , Sendai , Japan. 

(With 17 Text-figures) 

(Received July 6, 1932) 

ABSTRACT. In the present report, the effects of NaCl and of MgCl* on 
photic orientation in Allolobophora foetida are re-investigatcd in reference to different 
concentrations. 

Serially different concentrations of the salts produce serially different effects 
on the photic orientation and mode of crawling. 

All the factors by which alter the antagonistic relations between the func¬ 
tionings in the central nervous system are altered, vi/. between positively and nega¬ 
tively orientating functioning, and between forward and backward functioning in 
crawling, cause a change in the tropism reaction. 

So far as we have carried out experiments on the effects of inorganic 
salts on the photic orientation in Allolobophora foetida, among the salts 
used'-* 0 , we have been able to find one, viz. NaCl ,,li -’, which with a lapse 
of time causes a weakening of the positively orientating functioning in 
the ventral nerve cord and a strengthening of the negatively orientating 
functioning in the brain, and therefore a strengthening of the degree of 
negative orientation in all worms inclusively, and another, viz. MgCI 2 ! '* ; , 
which, on the contrary, tends to cause a strengthening of positively orientat¬ 
ing functioning in the ventral nerve cord, and a weakening of negatively 
orientating functioning in the brain, and, therefore, a weakening of the 
degree of negative orientation in all worms. We shall now proceed to 
study methodically the effects of different concentrations of NaCl and of 
MgCl,. 

OMgCl., CaClj, NaCl, and KC1. Sci. Rep. TAhoku Imp. Univ., 4th Ser., Vol. 3, No. 2, 
Pp. 151-177. Methods of experiments and of treating data are given in this paper. 
*'MgS(> 4 , FeSO* Na,S0 4 , and K,SO* Ibid., Vol. 3, No. 3. Fasc. 1, Pp. 223-248. 
^MgCNOa),, Ca(NOa)i, NaNO», and KN0 3 . Ibid., Vol. 3, No. 3, Fasc. 2, Pp. 379-403. 
<>NaI, KI, NaBr, and KBr. Ibid., Vol. 3, No. 4, Fasc. 1, Pp. 647-663. 

«Sodium Salts, NajSO*, NaNO*. and NaCl. Ibid., Vol, 5, No. 3. Pp. 467-483. 

» Magnesium Salts, MgS(>„ Mg<NO s >,, and MgCl s . Ibid., Vol. 5, No. 4. Pp. 669-689. 
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I. EFFECTS OF NaCl OF DIFFERENT CONCENTRATIONS. 

The experiments were carried out in solutions at a temperature of 
26.1°-26.7°C., July 15-27, 1929. In any one experiment, one of the normal 
solutions of NaCl, viz. 1/32, 1/16, 1/8, 1/4, 1/2, 3/4 or 1/1, was used 
for one of the durations of immersion, viz. 10, 20, 30 or 50 seconds. 
The control experiments or the experiments, in which the worms, both 
those operated on and those not operated on, were not immersed in any 
solution, were carried on at a temperature of 27.2°C., July 27, 1929. 

A. Movements of Unoperated Worms. 

50 worms were tested, individually, for one of the definite durations 
of immersion in one of the definite solutions. 

After immersion in the 1/1 solution, the worms were seized with con¬ 
vulsions at the very beginning, with ejections of coelomic fluid after a 
lapse of about 3 seconds. They became inactive after 60 seconds and 
were dead in about 100 seconds. 

In the case of the 3/4 solution, the worms were also Seized with con¬ 
vulsions from the beginning of immersion, but the ejection of coelomic 
fluid began after about 10 seconds, the duration being somewhat prolonged. 
They became inactive after about 132 seconds and were dead in about 
150 seconds. 

On immersion in the 1/2 solution, the convulsions began after a lapse 
of about 24 seconds, and ejections of coelomic fluid in 38 seconds. The 
worms became inactive in about 420 seconds and were dead in 500 seconds. 

On immersion in the 1/4 solution, the worms were seized with convul¬ 
sions in 230 or more seconds, with an ejection of coelomic fluid in about 
280 seconds. They were still active even after 700 seconds. 

On being immersed in solutions weaker than 1/8, the worms neither 
went into convulsions nor was there any ejection of coelomic fluid even 
after 700 seconds, the duration of the period of attaining inactiveness 
being much prolonged. 


Orientation . 

The changes in the magnitude of the occupied angles are shown in 
Table 1. According to this table, in all the positive angles, the magnitude 
tends to decrease at first and then to increase with the prolongation of 
the duration of immersion, with the exception of the 5 cm. angles in the 
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case of the 1/1 solution in which it tends to increase successively. In 
spite of the general coincidence of the tendencies in the positive angles, 
several alterations were found in the negative angles. By using a method 
of graphic expression, however, out of 14 cases, including the 5 cm. and 
10 cm. angles, we may select 6 or 7 in which the magnitude tends to 
increase with the prolongation of the duration of immersion, 2 in which 
it tends to decrease, the remaining 5 or 6 being cases in which it tends 


Table 1. 


Concentra- 

Duration 

of 

5 cm. 

angles in degrees 

10 cm. 

angles in degrees 

tion 

immersion 
in seconds 

Positive | 

A\erage 

j Negative | 

Positive | 

; Average 

Negative 


0 

79.06 1 

ioi. or, 

! 111.10 

81.22 1 

113.90 

122.68 

M 

10 

74.88 i 

95.18 

110.30 

76.36 

1 111.88 1 

125.52 

SO 

74.04 1 

94.26 

, 110.22 , 

75.70 

| 109.62 i 

123.92 

as 

no 

76.60 

96.36 

109.76 1 

75.68 

| 114.08 | 

| 128.40 


60 

i 

1 82.00 | 

1 

102.26 

; lio.so ! 

t 

80.84 

1 

J 117.18 ! 

! 126.34 


0 

79.90 1 

101.06 

! lii.io 

81.22 

1 113.90 

122.08 

M 

10 

79.22 

96.32 

, 107.10 | 

77.86 

; 105.32 

. 117.46 

20 

75.56 ! 

95.50 

j 109.94 ! 

75.90 

1 104.06 

I 118.16 

16 1 

30 

77.90 

99.46 

' 111.56 

80.08 

109.48 

! 119.40 

i 

50 

78.20 

105.60 

117.34 

80.72 

116.82 

126.10 


! 0 

79.96 

101.06 

111.10 

' 81.22 

113.90 

| 122.68 

M 

! io 

| 73.90 

94.86 

110.96 1 

75.18 

110.68 

! 125.20 

1 so j 

| 73.92 

1 95.74 

111.82 

74.68 

104.66 

119.98 

8 

1 30 

72.10 

97.70 

115.60 ! 

71.84 

105.66 

123.82 

i 

50 

74.96 

105.58 

120.62 

75.08 

115.64 

130.56 


0 

79.96 

101.06 

! 111.10 

81.22 

113.90 

122.68 

M 

10 

80.22 

95.90 

! 105.68 

74.52 

112.34 ; 

127.82 

20 

73.94 

92.06 

108.12 

i 72.46 

| 107.01 

124.58 

4 

30 1 

72.08 

94.08 

112.00 

68.60 

: ui.i8 

132.58 


50 

81.88 

105.80 

113.92 

71.56 | 

| 114.52 

132.96 


- 

0 

79.96 

101.06 

111.10 1 

81.22 

113.90 

122.68 

M 

io ! 

80.50 

J00.76 

110.26 

77.14 

112.30 

125.16 

so 

78.34 

96.86 

108.52 

76.56 

105.80 

119.24 

2 

30 

79.20 

98.52 

109.32 

75.82 

106.80 ' 

120.98 


50 

83.40 

105.50 

112.10 

82.34 

113.08 

120.74 


0 

79.96 | 

101.06 

111.10 

81.22 

113.90 | 

122.08 

3M 

10 

78.00 | 

99.20 

111.20 

77.02 1 

111.70 

124.68 

20 

78.90 ' 

95.27 

106.37 

75.88 1 

107.25 

121.37 

4 

30 

79.56 

100.74 

111.18 

78.64 | 

110.56 

121.92 

1 

50 

83.08 

108.50 

115.42 

80.04 j 

118.10 

I“8.06 


r 

79.96 ' 

101.06 ! 

111.10 

81.22 1 

113.90 

122.68 

Jd 

10 ! 

80.96 

103.14 

112.18 

79.42 1 

116.32 

126.90 

i 20 | 

82.53 

105.10 

112.57 

”‘.7l ; 

117.69 

127.98 

1 

1 -TO 1 

81.32 i 

106.28 

114.96 

80.30 | 

120.26 

129.96 


50 

86.54 j 

113.10 

116.56 

84.28 j 

120.34 

126.06 
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Table 2. 


Concentra- 

Duration 

of 

5 cm. angles 

10 cm. angle: 

s 

lion 

immersion 
in seconds 

O’-SO" 

8l"-99° 

100°-180° 

0°-80° 

81°-99° 

100°-180 ? 


0 

10 

y 

25 

11 

9 

no 

M 

10 

21 

8 

21 

15 

8 

27 

20 

20 

8 

22 

15 

6 

29 

aa 

an 

20 

8 

22 

12 

8 

30 


50 

10 

7 

33 

7 

4 

39 


0 

10 

9 

25 ! 

11 

9 

30 

M 

10 

18 

10 

oo ! 

i 15 

7 

28 

20 

19 

y 

oo 

14 

10 

20 

10 

ao 

10 

o 

28 

14 

4 

32 


50 

14 

! « 

30 

14 

1 

! 

33 


0 

10 

y 

25 

11 

9 

30 

M 

10 

18 

7 

25 | 

14 

8 

28 

20 

19 

4 

27 I 

19 

5 

20 

s 

:io 

20 

0 

24 

18 

0 

26 


50 

18 

7 

25 

17 

1 

29 


0 

10 

« 

25 

11 

9 

30 

M 

4 

10 

16 

0 

25 

18 

5 

27 

20 

18 

8 

24 

18 

5 

27 

30 

18 

8 

24 

17 

5 | 

28 


50 

15 

8 

27 

15 

7 

28 


0 

10 

9 

25 

1 ! 

9 

30 


10 

17 

8 

! 25 

i 13 

8 

29 

20 

18 

y 

1 *»•{ 

1 is 

7 

28 


30 

IS 

7 

j 25 

11 

: 8 

28 


00 

18 

y 

I 28 

1 

! ™ 

1 9 

28 


0 

10 

y 

25 

11 

9 

30 

3M 

10 

17 

8 

25 

19 

3 

28 

20 

18 

10 

22 

18 

10 

22 

4 

ao 

18 

8 

24 

15 

5 

30 


50 

11 

12 

27 

11 

5 

31 


0 

10 

9 

1 25 ' 

! ii~ 

9 

30 

M 

10 I 

13 

11 

i 20 

ii 

0 

33 

20 

13 

9 

; 28 

n 

4 

35 

l 

no 

12 

8 

30 

10 

4 

30 


50 

10 

0 

34 

8 

5 

37 


to decrease at first and then to increase*. Thus, the tendencies shown by 
the positive and negative angles, both those of 5 cm. and of 10 cm., coin¬ 
cide, from the point of view of the ultimate increase of the magnitude 
of the angles, of course, within the limits of experiment. 

As a result, the average angles showed, in general agreement with 
the results found by the frequency distribution of the worms which is 
given in Table 2, that the degree of negative orientation tended to weaken 
at first and then to strengthen, with 2 exceptional cases found in the case 
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of the l/l solution in which it tended to strengthen continuously. Thus 
it may be stated that, as a whole, the tendency may |>ossibly be influenced 
more strongly by the alteration of the degree of positive than by that of 
negative orientation. 


Table 3. 



tn 

*T3 


5 cm. 

angles 


10 cm. 

angles 



g 

- S 
° a 

Foi wards 

Baekwur ’s 



tfj 


1 

C C 
.2 ■- 





TJ 

w 

-a 

c 

E 

c 

-5 

<L> 

c 

o 

V 

«o ~ 
m - 

J? '7, 

Q u, 

0J 

E 

6 

Directly 

After 
posterior 
elongat or 

1 

d 

After 

anterior 

elongati 

C3 

i_ 

O 

•Jm* 

Backwa 

3 

aJ 

X. 

£ 


0 

50 

0 

0 

0 

50 

0 

0 

0 

M 

10 

40 

() 

i 

0 

40 

1 

2 

«> 

•20 

50 

0 

0 

0 

50 

0 

1 

0 

22 

ao 

10 

0 

l 

0 

49 

1 

1 

0 


60 

47 

0 

2 

0 

17 

2 

0 

o 


0 

50 

0 

0 

0 

50 

0 

0 

0 

M 

10 

40 

0 

1 

0 

40 

1 

o 

1 

20 

50 

0 

0 

0 

50 

i 0 

0 

0 

10 

20 

48 

0 

2 

0 

48 

4> 

l 

2 


50 

47 

0 


0 

47 

, # > 

' J 

4) 


0 

50 
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Crawling. 

The absolute numbers of forward and backward crawling, returning, 
and winding individuals are given together in Table 3. The results given 
in this table may show that in the case' of the weaker solutions the fre¬ 
quencies of the backward crawling, returning, and winding movements 
tended to increase after immersion, while in the case of the stronger 
solutions such effects were not detectable. 

B. Movements of Operated Worms. 

25 worms were experimented on, individually, as in the case of those 
not operated on. 

Orientation . 

The changes in the magnitude of the occupied angles are shown in 
Table 4, and the frequency distribution of the worms is given in Table 5. 

The 5 cm. angles in the case of the 1/32, and 1/8-3/4 solutions, and 
the 10 cm. angles in that of the 1/8-1/2 solutions, in the general coin¬ 
cidence of the results from both tables, show that the magnitude tended 
to decrease at first and then to increase with the prolongation of the 
duration of submersion. 

The results from the frequency distribution after using the 1/16 solution 
may be cases of successive diminution. But in the case of both the 5 cm. 
and 10 cm. angles, the results from the positive, average, and negative 
angles show a general agreement in the tendency of the magnitude to 
decrease at first and then to increase'. 

In the case of the 1/32 and 3/4 solutions, the positive 10 cm. angles 
tended to decrease successively while the corresponding average and nega¬ 
tive angles tended to decrease at first and then to increase. The results 
relatively to the frequency distribution, however, show a tendency which 
may be a case of successive increase. Consequently, even in these solutions 
it may be presumed that the positive 10 cm. angles tend ultimately to 
increase. 

Thus, summarizing, we may now conclude that in the case of the 1 /32- 
3/4 solutions the general tendency of the degree of positive orientation 
to be stronger at first and then to weaken has been demonstrated. 

Finally, in the case of the 1/1 solution we are unable to find any 
coincidence not only in the results in Tables 4 and 5, but even in those 
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given by the positive, average, and negative angles. It rather seems to 
us that in this solution the* worms show no notable alteration of the degree 
of positive orientation. 

Moreover, it may be noted here that a serial alteration of tendencies 
due to different concentrations of the solution, which was difficult to detect 
in the case of the worms not operated on, may he shown somewhat clearly 
by the present set of experiments: that is a tendency, in the case of a 

Table t. 



Duration 

5 cm. 

ancles in decrees 

10 cm. 

angles in 

degrees 

Concentra- 

of 

__ _ 

_ ___ 


_ _ 


_ - 

tion 

immersion 
in seconds 
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Average 
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Positive 

Average 

| N» gative 

| 


0 
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51.04 

1 05.88 
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Table 5. 
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weak solution, of (he degree of positive orientation to strengthen at first 
and then to weaken, altered to a tendency, of the degree of positive 
orientation to weaken successively, as the concentration increased. 


Crawling, 

From Table 6 we may infer as follows: 

The frequency of backward crawling was increased after immersion in 
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the solutions of NaCl, and the movement may be more pronounced in a 
stronger solution than in a weaker. 

The number of winding individuals did not show any special increase 


Table 6. 
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even after immersion, especially in weak solutions. 

No returning individuals were found. 

C. Changes of Negativity in the Brain. 

The magnitudes of P, A , and N are given together in Table 7, and 
from this table Figs. 1-7 were prepared to show the character of the 
changes. In these figures the tracings of the 5 cm. angles are denoted 

Table 7. 


Concentra- 

Duration 

of 

5 cm. 

angles in degrees 

10 cm. 

angles in degrees 

lion 

immersion 
in seconds 

P 

. 

A 

N 

P 

A 

N 
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125.82 

51.04 

113.90 
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49.92 

111.88 

151.96 
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by the broken lines, and those of the 10 cm. angles by the full lines. 

According to Figs. 1-7, the changes of the magnitude of N or of the 
degree of negative orientation in the brain showed a general resemblance' 
in all the solutions, in spite of the presence of many irregularities in detail 
among the results. To put it briefly, in the case of the 1/32, 1/16, 1/8, 
3/4, and 1/1 solutions, the tendency may be stated to strengthen the 
negativity with the prolongation of the duration of immersion. In the 
case of the 1/4 and 1/2 solutions, the tendency in the case of the 5 cm. 
angles may also be the same, even though in the case of the 10 cm. angles 
a slight weakening of the tendency was apparent. Thus we may here 
summarize by saying that, within the limits of experiment, the solutions 
of NaCl tended to strengthen the negativity in the brain with increase of 
the period of submersion. 

IX Changes in Crawling. 

From Tables 3 and 6, wo may infer the following as results of immersion: 

On immersion of the specimens in a weaker solution, the strengthening 
of the backward functioning in crawling was caused by a relative weakening 
of the forward functioning in both the brain and the ventral nerve cord, 
while, on immersion in a stronger solution, it was caused by a relative 
weakening of the forward functioning in the ventral nerve cord, but not 
in that of the brain. 


Fi«. l. NuCI/:i2 
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Fig. 4. NaCI/!■ 
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Fig. 6. 3 NaCl/4 
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Fig. 7. NaCl/1 
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II. EFFECTS OF MgCl 2 OF DIFFERENT CONCENTRATIONS. 

The experiments were carried on at a temperature of 26.7°-27.8°C., 
from July 28 to August 10, 1929. In any one experiment, a 1/32, 1/16, 
1/8, 1/4, 1/2, 3/4 or 1/1 normal solution of Mg01 2 was used for one of 
the durations of immersion of 10, 20, 30, and 50 seconds. The control 
experiments were carried on at a temperature of 27.2°C., July 27, 1929. 
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A. Movements of Unoperated Worms. 

50 worms were tested individually for one of the definite durations 
of immersion in one of the definite solutions. 

After a lapse of 50-60 seconds from the beginning of immersion in 
the 1/1 solution, the worms were seized with convulsions. The ejection 
of coelomic fluid, however, rarely occurred, and when it did occur it was, 
in the majority of cases, previous to the convulsion. They became inactive 
after about 93 seconds and were dead in about 120 seconds. 

In the case of the 3/4 solution, the worms were also seized with 
convulsions after about 80 seconds, but there was no ejection of coelomic 
fluid. They became inactive after about 113 seconds and died in about 
150 seconds. 

On immersion in the 1/2 solution, in the case of some of the worms 
convulsions were observed only after a lapse* of more* than 170 seconds, 
but no ejection of coelomic fluid occurred. They became inactive after 
about 280 seconds and were dead in about 350 seconds. 

When immersed in solutions weaker than 1/1, the worms were neither 
seized with convulsions nor was there any ejection of coelemic fluid, and 
though they showed a tendency to become sluggish, they were still active 
even after a lapse of 500 seconds. 

Orientation. 

The changes in the magnitude of the occupied angles are shown in 
fable 8. According to this table, all the positive occupied angles, both 
5 cm. and 10 cm., show a similar tendency to decrease in magnitude as 
the duration of immersion was prolonged, with the exception of the case 
of the 1/32 solution, in which the magnitude* of the angles tended to 
decrease at first and then to increase. Nevertheless, in the negative occupied 
angles, the 5 cm. angles in the case of the 1/32-1/8 solutions and the 
10 cm. angles in the case of the 1/32 and 1/16 solutions tended to increase 
in magnitude with the prolongation of the duration of immersion, while 
the 5 cm. angles in the case of the 1/4—1/1 solutions and the 10 cm. 
angles in the case of the 1/8-1/l solutions tended to decrease. 

As results, the ranges of the average occupied angles show a serial 
change of general tendencies with regard to the degree of negative 
orientation in coincidence with the results from the frequency distribution 
of the worms, which is given in Table 9 : i. e. m the case of the 1/32 
solution, the 5 cm. angles show a tendency to decrease at first, and then 
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Table 8. 


Concentra- 

Duration 

of 

5 cm. 

angles in degrees 


10 cm. 

angles in degrees 

tion 

immersion 
in seconds 

Pohitive 

Average 

Negative 

Positive 

Average 

Negative 


0 

79.90 

101.06 

111, 

,10 

81.22 

113, 

.90 1 

122.68 


10 

72.76 

96.20 

113. 

.50 

76.90 

113, 

.26 

126.36 

M 

20 

75.70 

97.82 

112. 

.12 

80.06 ! 

118, 

.14 

128.08 


30 

77.46 

104.52 

117, 

.06 

80.32 

123. 

.36 

133.04 


60 

78.32 

106.36 

118, 

.04 

80.66 

123, 

.96 

133.30 


0 

79.96 

101.06 

111. 

,10 

81.22 

113. 

.90 

122.68 


10 

78.60 

104.04 

115. 

.38 ! 

79.24 

117, 

.84 ! 

128.60 

M 

20 

77.68 

108.02 

120. 

.34 

78.86 

119. 

,04 

130.18 

J6 

3o 

79.92 

104.50 

114. 

,58 

79.68 | 

115, 

.98 

126.30 


50 

74.93 

i 

107.23 

122. 

,30 

76.86 

121. 

.04 

134.18 


0 

79.96 

101.06 

111. 

.10 

81.22 

113, 

.90 

122.68 


10 

77.96 

103.16 

115. 

,20 

80.08 1 

115. 

.50 

125.42 

M 

20 

74.92 

106.44 

121. 

.52 

79.68 

112. 

.44 

122.76 

s 

30 

79.86 

110.36 

120. 

.50 

79.58 

111. 

.36 

121.78 


50 

75.94 

107.44 

121, 

.50 

75.00 

107. 

.30 

122.30 


0 

79.96 

101.06 

111, 

.10 

81.22 

113, 

.90 

122.68 


10 

73.88 

92.20 

108, 

.32 

75.80 

98, 

.26 

112.46 

IV1 

20 

72.02 

85.76 

103, 

.74 

74.50 

| 90, 

.80 

! 112.30 

4 

30 

70.56 

84.04 

103, 

.48 

; 71.38 

' 99, 

.31 

117.93 


i 50 

i 

73.54 

86.00 

102. 

.46 

' 70.22 

1 

j 93 

.92 

! 113.70 


; o 

79.96 

101.06 

111. 

.10 

i 81.22 

113, 

.90 

1 122.68 

M 

i 10 

74.62 

90.68 

106. 

.06 

76.20 

! 105. 

.06 

118.86 

M 

1 20 

72.58 

85.64 

103. 

.06 

76.32 

, 92, 

.20 

105.88 


1 30 

67.63 

75.12 

97, 

.49 

72.88 

85, 

.66 ! 

102.78 


50 

69.62 

80.04 

100, 

.42 

64.08 

79. 

.16 

104.48 


0 

79.96 

101.06 

111. 

.10 

81.22 

113, 

,90 

122.68 


10 

73.80 

89.10 

105. 

.30 

72.38 

93. 

,10 

110.72 

•'IV1 

20 

71.92 

81.46 

99, 

.54 

71.50 

88. 

.88 

107.38 

1 

30 

67.68 

77.06 

99. 

,38 

72.26 

87. 

20 

105.00 


50 

67.20 

75.70 

98. 

,50 

74.92 

86. 

,40 

101.48 


0 

79.96 

101.06 

111. 

10 

81.22 

113, 

,90 

122.68 

u 

10 

72.88 

84.28 

101. 

,40 

74.54 

87. 

56 

103.02 

IVI 

20 

68.68 

80.78 

102. 

10 

62.02 

76. 

,76 

101.74 

1 I 

30 

67.92 

76.36 

98. 

44 

61.34 

72. 

,28 

100.94 

! 

! so 

60.02 

66.46 

90. 

.44 

60.54 

62. 

,12 

91.58 


to increase, in the degree of negative orientation with lapse of time, 
while the 10 cm. angles show a tendency to increase continuously, and in 
the case of the 3/4 and 1/1 solutions both the 5 cm. and 10 cm. angles 
show tendencies to a decrease in the degree of negative orientation, in¬ 
termediate tendencies being shown in either the 5 cm. or 10 cm. angles, 
respectively, in the case of the 1/16-1/2 solutions. 
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Table 9. 


Concentra- 

Duration 

of 

5 cm. angles 

10 cm. angle 

9 

tion 

immersion 
in seconds 

0°-80 o 

81*-99* i 

1' 

100>-180° 

0-80° 

81°-99* 

100° -180'* 


0 

16 

9 

25 

11 

9 

30 

M_ 

10 

20 

6 1 

21 

14 

4 

32 

20 

o<> 

5 1 

23 

11 

6 

33 

32 

30 

15 

8 i 

27 

11 

5 

31 


60 

12 

5 j 

33 

12 

5 

33 


0 

10 

9 

25 

IT 

0 

30 

JVL 

10 

16 

7 ; 

27 

11 

8 

31 

20 

15 

5 

30 

12 

4 

:u 

16 

30 

13 

9 

28 

12 

7 

31 


50 

17 

4 

29 

13 

5 

ns 


0 

16 

9 t 

25 

11 

9 

30 

_M_ 

10 

16 

11 

On 

12 

10 

28 

20 

14 

8 

28 

12 

s 

30 

8 

30 

14 

5 

31 

15 

5 

32 


50 

15 

5 

30 

15 

4 

31 


0 

16 

« ! 

Cl 

" IT 


30 

M 

10 

10 

s j 

23 

17 

7 

26 

20 

23 

6 

21 

IS 

9 

23 

4 

30 

| 21 i 

! 9 • 

20 

i 18 

i 5 

27 


50 ! 

I 18 j 

! 10 j 

22 

!- - 19 - 


27 


! 0 

16 | 

! 9 

2 > 

ii 

j 

i » 

! 30 

M 

! io 

! 18 J 

n 

21 

1 1« 

! 4 

I 28 

20 ; 

18 

15 

17 

17 

: 14 

1 

3 

30 ! 

22 

io ; 

IS 

22 

10 

IS 

• 

50 

28 

1 9 1 

13 

33 

tl 

! _ 


i | 

0 | 

16 

9 ' 

25 

i 11 

1 9 

i 30 

3_M 

10 I 

| 21 1 

1 12 

17 

1 ts 

9 

23 

20 

27 

11 i 

12 

I 21 

! io 

19 

4 

30 

31 

10 

9 

1 21 

j 13 

16 


60 

^ 29 ; 

; 12 i 

0 

IS 

1 1(5 

16 


0 

16 

i 9 ! 

25 

11 

9 

I 30 

JV! 

10 

22 i 

12 

16 

20 

i ir> 

: 15 

1 20 

24 

8 j 

IS 

27 

6 

17 

1 

30 1 

1 24 

14 

12 

30 

9 

1 11 

i 

1 50 I 

26 

: li 

13 

31 

! 9 

1 10 


Crawling. 

The absolute numbers of forward and backward crawling, returning, 
and winding individuals are given in Table 10. In this table it may be 
seen that the backward crawling movement was slightly pronounced on 
submersion in a stronger solution, but less so in a weaker one, and that 
the returning and winding movements might be ^lightly intensified after 
immersion, but the relation to the concentration is not accurately shown. 
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B. Movements of Operated Worms. 

25 worms were tested individually as in the case of the worms not 
opera te'd on. 
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Orientation . 

The changes in the magnitude of the occupied angles are shown in 
Table 11, and the frequency distribution of the worms is given in Table 
12 in absolute numbers. From these tables, in spite of the presence of 
many irregularities and of some dissimilarities in the tendencies to changes 
between the two tables, as in the case of the 5 cm. positive occupied 

Table 11. 


Concentra- 

Duration 

of 

5 cm. 

angles in degrees 

10 cm. 

angles in degrees 

tion 

immersion 
in seconds 

Positive 

Average 

Negative 

Positive 

Average j 

Negative 


0 

59.00 

65.24 

90.24 

45.1(1 

51.04 

95.88 


10 

63.36 

72.84 

99.48 

50.16 

60.20 

100.04 

M 

20 

64.92 

77.70 

102.S4 

52.96 

67.68 

104.72 

as 

:K) 

69.28 

82.36 

103.08 

60.64 

77.40 

106.70 


50 

70.76 

SI.20 

100.41 

63.96 

78.00 

104.04 


0 

59.00 

65.24 

96.24 

45.10 

51.04 

95.88 

if 

10 

56.48 

63.76 

97.28 

46.84 

53.68 

96.84 

M_ 

20 

62.84 

70.48 

97.64 

52.04 

61.00 

98.96 

10 

20 

66.68 

75.20 

98.52 

45.04 

55.72 

100.68 


50 

62.40 

79.08 

106.68 

48.16 

57.04 

98.88 

1 

0 

59.00 

65.24 

96.24 

45.16 

51.04 

95.88 


10 

60.12 

65.12 

95.00 

48.16 

53.40 

95.24 

M 

20 

62.52 

66.04 

93.52 

49.32 

54.48 

95.16 

8 

20 

64.60 

66.36 

91.76 

48.04 

51.04 

93.00 

• 

50 

65.72 

67.16 

91.44 

17.44 

57.44 

100.00 


0 

59.00 

65.24 

96.24 ! 

45.16 

51.04 

95.88 

HI 

10 

53.76 

58.32 

94.56 

48.80 

53.24 

91.44 

JV1 

20 

50.56 

53.66 

93.00 j 

48.32 

52.12 

93.80 

4 

:*o 

54.52 

56.68 

92.16 

46.04 

54.80 

98.76 


50 

53.32 

55.12 

91.80 

50.16 

53.88 

93.72 


0 

59.00 

65.24 

96.24 

45.16 ! 

51.04 

95.88 

if 

10 

59.60 

62.36 

92.76 

45.40 

50.24 

94.84 

__ M_ 

20 

59.96 

62.04 

92.08 

46.28 

48.32 

92.04 

- 

20 

55.00 

57.36 

92.36 

45.12 

49.44 

94.32 


50 

57.24 

03.56 

96.32 

49.84 

56.72 j 

96.88 


0 

59.00 

65.24 

96.24 

45.16 

51.04 

93.88 


10 

56.96 

64.00 

97.01 

48.12 

51.76 

96.64 

»>JV1 

20 

56.64 

62.56 

95.92 

46.48 

49.44 

92.96 

4 

20 

55. G4 

57.64 

92.00 i 

43.20 

44.52 

91.32 


50 

49.28 

53.76 

94.48 ! 

. . ! 

40.36 

44.36 ; 

91.00 


0 

59.00 

65.24 

96.24 ' 

45.16 

61.04 

95.88 

if 

10 

58.16 

63.76 

95.60 

52.88 

63.24 

100.36 

M 

20 

60.88 

62.80 

91.92 

56.56 

59.24 

92.68 

1 

30 

60.36 

63.76 

93.40 

5 J .72 

57.96 

93.24 


50 

57.88 

58.88 

91.00 

44.96 

46.68 

91.72 
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angles in regard to the 1/16 and 1/8 solutions, we may generally consider 
the changes to be serial. 

In the case of the 1/32 solution, the magnitudes of both the 5 cm. 
and 10 cm. positive occupied angles tend to increase with the prolongation 
of the duration of immersion, while in the 3/4 and 1/1 solutions they 
tend to decrease, even if an increase may occur at the beginning of 
immersion, intermediate tendencies to change having been found in the 

Table 12. 


Concentra¬ 

tion 

Duration 

of 

immersion 
in seconds 

5 cm. angles 

10 cm. angles 

i 

°o 

Sr-95* 

100MSO" 

o°-so n 

81° 99° 

100°-180° 


0 

15 

6 

4 

19 

o 

4 


10 

15 

5 

5 

17 

1 

4 

iVl 

SO 

m* 


9 

15 

3 

7 

ns 

SO 

12 

n 

10 

14 

1 

10 


50 

12 

4 

9 

13 

o 

10 


0 

15 

0 

4 

19 

2 

4 

M 

10 

19 

*> 

4 

19 

o 

4 

i\» 

so 

10 

4 

5 

17 

2 

6 

10 

no 

10 

r> 

4 

17 

3 

5 


50 

15 

r> 

o 

16 

4 

5 


0 

15 

0 

4 

19 

it 


M 

10 

10 

6 

4 

19 

«> 

4 

JVl 

20 

17 

4 

4 

19 

»> 

4 

s 

no 

SO 

* 

O 

17 

4 

4 

. 

r>o 

10 

»> 

- 

7 

17 

o 

0 


0 

15 . 

6 

4 

19 

o 

** 

4 

\l 

10 

17 

S 

0 

19 

2 

4 

IV1 ; 

! SO 

19 


n 

SO 

o 

3 

1 l 

i no 

19 

it 

! 

19 

*> 

4 


ry.t 

17 

! 

i 5 

20 

2 

3 


0 

15 

0 

4 

19 

o 

4 

\4 

10 

SO 

n 

») 

SI 

3 

1 

M 

so 

19 

5 

1 

SO 

4 

1 

- 

no 

SO 

S 

n 

SI 

0 

4 


1 50 

10 

4 

5 

10 

5 

4 


0 

15 

0 

4 

19 

»» 

4 

•» vi 

i to 

10 

*» 

7 

IS 

4 

3 

• > iVl 

! so 

17 

i 4 

4 

19 

4 

S 

4 

l no 

IK 

i 6 

s 

SI 

3 

1 


I 50 

IS 

i 4 

3 

SO 

3 

n 


i 0 

1 t5 


4 

19 

S 

4 

VI 

; io 

16 

! 5 

4 

10 

1 

8 

iVl 

1 so 

1 17 

i 6 

o 

17 

6 

o 

1 

i no 

! 17 

1 0 

2 

17 

5 

3 


| 50 

17 

1 7 

1 

SI 

S 

2 
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case of the remaining solutions,—i. e. the 1/16, 1/8, 1/4, and 1/2 solutions. 

In the case of the 1/32 and the 1/16 solutions, the magnitude of the 
5 cm. negative occupied angles tended to increase with the increase in the 
number of seconds of immersion, while in that of the 1/8-1/I solutions 
it tended to decrease; and in the case of the 1/32 1/8 solutions, the 
10 cm. negative occupied angles tended to increase, while in that of the 
1/4-1/1 solutions they tended to decrease. 

As results, in support of Table 12, in the 1/32 solution, the 5 cm. 
average occupied angles tended to show a strengthening of the degree 
of negative orientation as the duration of submersion was prolonged, while 
in the case of the 3/4 and 1/1 solutions they tended to show a weakening, 
the intermediate tendencies to changes having been shown in that of the 
1/16-1/2 solutions; and in the case of the 1/32-1/8 solutions, the 10 cm. 
average occupied angles tend to show a strengthening of the degree of 
negative orientation, while in that of the 3/4 and 1/1 solutions they 
showed a strengthening at first and then a weakening, intermediate ten¬ 
dencies having been shown in the case of the 1/4 and 1/2 solutions. 

Crawling. 

In r l able 13 the following tendencies may be observed : 

The number of backward crawling individuals tended to decrease when 
the worms were immersed in the weaker solutions of MgCb, but in the 

Table 13. 
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o 
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17 
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case of the stronger solutions it tended to increase. 

No returning individuals were found. 

The winding movement clid not appear to be intensified during immersion 
in the solutions. 


C. Changes of Negativity in the Brain. 

The magnitudes of P, A , and N, are given together in Table 14, and 
from this table Figs. 8-14 were plotted to ascertain the nature of these 
changes. In these figures the tracings of the 5 cm. angles are denoted 
by the broken lines and these of the 10 cm. angles by the full lines. 

According to Figs. 8-14, in all the cases the magnitude of N or the 
degree of negative orientation in the brain tended to decrease with the 
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Table 14. 


Concentra* 

Duration 

of 

5 cm. 

angles in degrees 

10 cm. 

angles in degrees 

tion 

immersion 
in seconds 

P 

A 

N 

P 

A 

N 


0 

65.24 

101.06 

125.82 

51.04 

113.90 

152.86 

u 

10 

72.84 

96.26 

113.42 

60.20 

113.26 

143.06 

M 

20 

77.70 

97.82 

110.06 

67.68 

118.14 

140.46 

as 

30 

82.36 

104.52 

112.16 

77.40 

123.36 

135.96 


50 

81.20 

106.36 

115.16 

78.00 

123.96 

135.96 


0 

65.24 

101.06 

123.82 

51.04 

113.90 

152.86 


10 

63.76 

104.04 

130.28 

53.68 

117.84 

154.16 


20 

70.48 

108.02 

127.54 

61.00 

119.04 

148.04 

16 

30 

75.20 

104.50 

119.30 

55.72 1 

115.98 

150.26 


60 

70.08 

107.23 

118.15 

57.01 

121.04 

154.00 


0 

65.24 

101.06 

125.82 

51.04 i 

113.90 

152.86 


10 

65.12 

103.16 

128.04 

53.40 i 

113.50 

152.10 

_M 

20 

66.04 

106.44 

130.40 

54.48 

112.44 

147.96 

8 

30 

66.36 

110.36 

134.00 

51.04 

111.36 

150.32 


; 50 

67.16 

107.44 

130.28 

57.44 

107.30 

139.86 


0 

65.24 

101.06 

125.82 

51.04 

113.90 

152.86 

ti 

10 

58.32 

92.20 

123.88 

53.24 

98.26 

135.02 

M 

20 

53.56 

85.70 

122.20 

52.12 

, 96.80 

134.08 

4 

30 

56.68 

84.04 

117.36 

54.80 

99.31 

134.51 


50 ! 

55.12 

86.00 

120.88 

53.88 

j 93.92 

130.04 


0 

65.24 

101.06 

125.82 

51.01 

1 113.90 

152.86 

_M 

10 

62.36 

90.68 

118.32 

50.24 

105.06 

144.82 

20 

62.04 

85.64 

113.60 

48.32 

92.20 

133.88 

2 

30 

57.36 

75.12 

107.76 

49.44 

85.66 

126.22 


50 

63.56 

80.0-4 

106.48 

56.72 

79.16 

112.44 


0 

65.24 

101.06 

125.82 

51.04 

113.90 

152.86 

3M 

10 

64.00 

89.10 

115.10 

54.76 

93.10 

128.34 

20 

62.56 

81.46 

108.90 

49.41 

88.88 

129.44 

4 

30 

57.64 

77.06 

109.42 

44.52 

87.26 

132.74 


50 

53.76 

75.70 

111.94 

44.36 

86.40 

132.04 


0 

65.24 

101.06 

125.82 

51.04 

113.90 

152.86 


10 

63.76 

84.28 

110.52 

63.24 

87.56 

114.32 

20 

62.80 

80.78 

107.98 

59.24 

76.76 

107.52 

i 

30 

63.76 

76.36 

102.60 

57.96 

72.28 

104.32 


50 

58.88 

66.46 

97.58 

46.68 

62.12 

105.44 


prolongation of the duration of immersion with only two exc eptional eases, 
and even in these latter the corresponding sets of the angles show also 
a decreasing tendency, i. e. the 10 cm. angles in the case of the 1/8 

solution tend to decrease, although the 5 cm. angles in that of the same 

solution tend to increase; and the 5 cm. angles in the case of the 1/10 

solution tend to decrease, although the 10 cm. angles in that of the same 

solution show a tendency but obscure. From the twelve cases out of 
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Fig. 10. MgCl 2 /8 
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Fig. 12. MgClj/2 
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Fig. 13. 3 MgClj/4 
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Fig. 14. MgCI 2 /l 
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fourteen, therefore, it may be inferred that in the case of solutions of 
MgCb, within the limits of experiment, the negativity in the brain of the 
worms was weakened as the duration of immersion was prolonged. 

1). Changes in Crawling. 

From Tables 10 and 13 we may infer the follow ing conclusions: 

In the case of a stronger solution the strengthening of the backward 
functioning in crawling is caused by a relative weakening of the forward 
functioning in both the brain and the ventral nerve cord, while in the 
case of a weaker solution the weakening of the backward functioning may 
be caused mainly by a relative strengthening of the forward functioning 
in the ventral nerve cord. 

III. EFFECTS OF WATER. 

The experiments were carried out at a temperature of 20°C., on 
September 18 and 19, 1929, in order to determine the general tendency 
of the changes in the photic orientation of Allolobophora foetida in relation 
to raised concentrations of NaCl and MgCL, as stated in the last sections. 
In an experiment, the worms were immersed in drinking water for one 
of the varying periods of 0, 30, 60, 120, 180 or 300 seconds. 
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A. Movements of Unoperated Worms. 

50 worms were tested individually for one of the definite periods of 
immersion. 

Within the limits of experiment, not only did the worms manifest 
neither convulsions nor ejection of coelomic fluid, but the inactiveness which 
commonly occurred in the case of solutions of the inorganic salts was 
not detected. 

Orientation . The changes in the magnitude of the occupied angles 
are shown in Table 15, and the frequency distribution of the worms is 


Table 15. 


Duration 

of 

5 cm. 

angles in degrees 

10 cm. angles in degrees 

immersion 
in seconds 

Positive 

Average 

Negative 

Positive | 

Average 

Negative 

0 

! 80.82 

101.66 

110.84 

79.94 

110.46 

120.62 

;t0 

| 80.12 

100.08 

109.96 

79.36 1 

106.42 

117.06 

60 1 

[ 81.82 

104.62 

113.80 

80.46 ! 

! 113.46 

123.00 

120 

80.74 

97.04 

106.30 

78.28 , 

108.30 

120.02 

180 ! 

77.96 

100.92 

112.90 

83.20 1 

113.88 

120.68 

300 

80.46 

100.69 

! 110.23 

81.31 

112.83 

121.52 


Table 16. 


Duration 

of 

immersion 
in seconds 

6 cm. angles 

10 cm. angles 

0"~80' > 

81 8 -99° 

100°-180 a 

O’-SO’ 

81"-99 0 

100°-180* 

0 

17 

10 

i 

23 

13 

9 

28 

80 

18 

10 

22 

16 

7 

27 

60 

16 

11 

23 

12 

8 

30 

120 

16 

10 

24 

16 

7 

27 

180 

19 

8 

23 

12 

9 

29 

:*00 

17 

9 

24 

13 

7 

30 


given in Table 16. From these tables, though there are some irregularities, 
we may infer that the changes in the magnitude are so insignificant that 
we cannot judge of the tendency of the degree of negative orientation 
either to increase or to decrease. 

Crawling. According to Table 17, neither the returning nor winding 
movements occur, but the frequency of the backward crawling individuals 
may be increased with the prolongation of the duration of immersion. 
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Table 17. 


<n 

-o 

§ 


5 cm. angles 


10 cm. 

angles 




Forwards 

Backwards 


(A 

f 

sc 

Duratioi 
immersion in 

Directly 

After 

posterior 

elongation 

Directly 

After 

anterior 

elongation 

Forwards 

Backward 

e 

Jj 

X 

-5 

.5 

£ 

0 

50 

0 

~ 

0 

0 

60 

<) 

1 0 

o 

:*o 

50 

0 

0 

0 

40 

1 

0 

0 

60 

50 

0 

0 

0 

50 

0 

i « 

0 

120 

50 

0 

0 

0 

50 

0 

' 0 

1 0 

ISO 

49 

0 

1 

0 

to 

1 

1 0 

0 

;;oo 

50 

0 

0 

0 

50 

0 

! () 

! n 


B. Movements of Operated Worms. 

25 worms were tested individually as an experiment. 

Orientation . In Table 18, in which the changes in the magnitude of 
the occupied angles are shown, and in Table 19 in which the frequency 
distribution of the worms is given, as in the case of the worms not 
operated on, no notable tendency of the changes in the degree of positive 
orientation is detectable, even if a slight tendency to decrease in the 
degree may be shown with the increase in the number of seconds of 
submersion. 

Crawling. Table 20 shows that in the case of the 10 cm. angles the 
number of backward crawling individuals is ultimately increased ; never¬ 
theless, at the outset (refer to the 5 cm. angles) the number of indivi¬ 
duals which began to crawl backwards tended to decrease, while that of 
those which began to crawl forwards tended to increase. 


Table 18. 


Duration 

of 

5 cm. angles in degrees 

10 cm. 

angles in degree's 

immersion 
in seconds 

Positive 

Average 

Negative 

I 'ositive 

j Average 

j Negative 

0 

G3.00 

09.96 

96.96 

50.10 

59.08 

98 .'.)2 

30 

59.48 

65.08 

95.60 

l 51.40 

00.04 

98.64 

60 

60.48 

66.62 

96.04 

60.70 

58.20 

97.44 

120 

69.62 

65.32 

95.80 

63.13 

59.92 

96.80 

180 

69.92 

67.76 

97.84 


65.76 

101.60 

300 

63.90 

72.28 

98.32 

55.32 

64.68 

99.36 
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Table 19. 


Duration 

of 

5 cm. angles 

10 cm. angles 

immersion 
in seconds 

I 

*o 

81°~99° 

too'-iso' 

0° 80° 

81 *-99° 

100’-180* 

0 

16 

4 

5 

16 

4 

5 

30 

15 

7 

8 

17 

8 

5 

60 

18 

3 

4 

18 

8 

4 

120 

17 

5 

8 

19 

8 

8 

180 

1C , 

5 

4 | 

18 

*> 

5 

:m 

1 18 | 

i i 

7 

6 ! 

! 18 

! 2 

5 


Table 20. 


0) 

"§ , 


5 cm. 

angles 


10 cm. 

angles 



8 i 
o g ! 

Forwards 

Backwards 


</> 

to 

c 

w. 

e 

Duratioi 
immersion in 

Directly 

After 

posterior 

elongation 

Directly 

After 

anterior 

elongation 

Forwards 

Backward 

E 

lm 

3 

4J 

OS 

TT 

c 

1 s 

» 

80 

60 

120 

180 

:too 

16 

15 

15 

14 

14 

15 

1 

0 

0 

0 

0 

0 

! 8 1 

! 8 

7 

j 9 

: 7 

1 ® 

0 

o 

8 

o 

4 

5 

17 

15 j 
15 1 

14 

18 

1 15 i 

8 

10 

10 

11 

12 

10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


C. Changes of Negativity in the Brain. 

Fig. 15 was plotted from the angular values of P, A, and N given 
together in Table 21. In this figure the broken lines denote the changes 


Table 21. 


Duration 

of 

immersion 
in seconds 

5 cm. angles in degrees 

10 cm. 

angles in degrees 

P 

A 

N 

P 

A 

N 

0 

69.96 

101.66 

121.70 

59.08 

110.46 

141.38 

.**0 

65.08 

100.08 

125.00 

60.04 

106.42 

136.38 

60 

66.52 

104.62 

128.10 

58.20 

113.46 

145.26 

120 1 

66.32 

97.04 

121.72 

59.92 

108.80 

138.38 

180 1 

67.76 

100.92 

123.16 

65.76 

113.88 

138.12 

800 1 

72.28 

100.69 

1 

118.41 

64.68 

112.83 

: i 

138.15 
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Fig. 15. Water 
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in the .5 cm. angles and the full lines those in the 10 cm. angles. 

According to the figure, the value of N which denotesthe degree of 
negative orientation in the brain does not show any notable alteration, 
even if in the case of the 5 cm. angles the degree may tend to decrease 
with the prolongation of the duration of submersion. 

I). Changes in Crawling. 

From Tables 17 and 20 we may infer the following conclusions: 

The strengthening of the backward movement in crawling, while in the 
water, was caused mainly by a relative strengthening of the backward 
functioning in the ventral nerve cord, but as the duration of immersion 
was prolonged the forward functioning of the crawling in the ventral 
nerve cord became stronger than the backward functioning. 

Both the brain and the ventral nerve cord were not sufficiently affected 
by the water for the winding movement to be caused in the time-interval 
of the duration of the experiment. 

IV. CHANGES OF ORIENTATION IN DIFFERENT 
CONCENTRATIONS OF NaCl. 

The object of the present investigation is to discover how the nature 
and degree of photic orientation would change with the rise in the degree 
of concentration, and to ascertain the character of the changes in the 
orientation in relation to the concentration of Nat {. Fig. 16 was prepared 
from Table 7, by a rearrangement of the data given in that table. The 
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data which were taken as the standards were the averages of the respective 
values of P, A , and N given in Table 21, viz. 67.82° for P, 100.84° for 
A , and 123.02' for N in the case of the 5 cm. angles, and 61.28° for P, 
110.89° for A t and 139.61° for N in that of the 10 cm. 

In Fig. 16, the changes in the 5 cm. and 10 cm. angles are shown 

Fig. 16. NaCl 
5 fin. angles* 


50 J : ■ _ .i i 40" 



Com nitrations 


10 see. 20 sec. 30 sec. 50 sec. 


10 cm. angles 



32 Hi 8 \ 2 4 

Concentrations 
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separately to avoid confusions. In the case of both angles, P or the 
degree of positive orientation shows an increasing tendency in a low con¬ 
centration from 1/32 to 1/8, and then a decreasing tendency with the rise 
of concentration from 1/1 to l/l ; and N or the degree of negative 
orientation shows an increasing tendency with a rise from 1/32 to about 
1/8, and then nearly constancy of degree, or a very slight increasing 
tendency, continuously with the rise of concentration, ('onsequentlv, A 
or the degree of negative orientation of the worms as a whole shows a 
slight increasing tendency with the rise of conentration to 1/1, and, if the 
increase in the degree follows the rise* of concentration, this phenomenon 
may be caused mainly by a relative' weakening of the degree of positive* 
orientation in the ventral nerve cord in accordance with the statements 11,1 ' 
already made. 


V. CHANGES OF ORIENTATION IN DIFFERENT 
CONCENTRATIONS OF MrCIo. 

Fig. 17 was prepared from "Fable I I by a rearrangement of the data 
given in that table, in order to sec the character of the changes in orientat ion 
in relation to the concentration of MgCL The data which were taken 
as the standards were the averages of the respective values of P, A , and 
N given in Table 21. 

In the case of both the 5 cm. and 10 cm. angles, P or the degree of 
positive orientation shows a decreasing tendency in low concentrations, 
i. e. from 1/32 to 1/16 or 1/8, and then a constancy of the; degree, or a 
very slight increasing tendency, with the rise of concentration from 1/1 
to 1/1 ; and N or the* degree of negative orientation shows an increasing 
tendency in the lower conentrations, i. e. from 1/32 to 1/8 or 1/1, and 
then a somewhat strongly decreasing tendency in the higher concentrations 
from 1/1 to 1/1. Thus, A or the degree of negative orientation of the 
worms as a whole is increased in the lower concentrations, from 1/32 to 
1/8 or 1/4, and then is gradually weakened in the higher concentrations, 
from 1/1 to 1/1, and finally it alters to show the degree of positive 
orientation. If the weakening of the degree wore to follow the rise of 
concentration, this phenomenon may be caused mainly by a relative weaken¬ 
ing of the degree of negative* orientation in the brain in accordance with 
the statements 2)( ° already given. 


’>and r, > loc. cit. 
2 >and lor. rit. 
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Kig. 17. MgCI 3 
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8 SUMMARY AND GENERAL CONSIDERATIONS. 


Salts tested: 


MgCl. 

CaCI 2 

NaCl 

KC1 

— 

— 

NaBr 

KBr 

- - 

— 

Nal 

KI 

MgSO, FeSO, 

— 

Na s S(X 

K£0, 

Mg(NO,), - 

Ca(N0 3 )s 

NaNO, 

KNO ;i 


Changes in orientation in Allolobophora foetida: 

MgCl 2 /2 + NaCl/1, CaCL/2 4 KC1/1 ; K a SO,/1.7; NaNO,/2, NaNCyi 
+ KNO*/l; NaI/1.9; NaBr/1.9, NaBr/1.9 + KBr/1.9; MgCl 3 /2 + MgSO^, 
N a2 S0 4 /4-f NaNO*/2, Na 2 S0 4 /4 + NaCl/2, NaNO/2 f NaCI/2 caused a 
weakening of the positively orientating functioning in the ventral nerve 
cord, and, at the same time, a weakening of the negatively orientating 
functioning in the brain. 

NaNO*/l also caused a weakening of the positively orientating func¬ 
tioning in the ventral nerve cord, but a strengthening at first and then 
a weakening of the negatively orientating functioning in the brain. 

MgCL/2 f KC1/1; FeS(V1.7; Mg(N0 3 ) 3 /2, Mg(NO,) 2 /2~f-NaNO«/l ; 
NaI/1.9-4- KI/1.9; Mg(NO*),/2 + MgS0 4 /2 and Mg(N0 3 ) 2 /2 + MgCl 3 /2 caused 
a strengthening at first and then a weakening of the positively orientating 
functioning in the ventral nerve cord, and a weakening of the negatively 
orientating functioning in the brain. 

CaCU/2, KC1/1, MgCl 3 /2 + CaCl 2 /2, Cat V2 + NaCl/1; MgS0 4 /1.7, 
MgS0 4 /2, N a2 S0 4 /1.7, N a2 S0 4 /4, MgS0 4 /1.7 +FeS0 4 /1.7, MgSO,/1.74- 
Na*S0 4 /1.7, FeSOj/1.7 f Na 2 SO,/1.7, MgSO./lJ + K.SO./l.?, FeS0 4 /1.7 + 
K*S0 4 /1.7, Na 2 S0 4 /1.7 4-K*S0 4 /1.7; Ca(N0 3 ) ? /2, KNO,/t, Mg(NO ; ,) 2 /2 + 
Ca(NO s ) 2 /2, Ca(N0 3 ) f /2 4- NaN0 8 /l, Mg(N0 3 ) 2 /2-f KN0 3 /1, Ca(NO<) 2 /2 4 
KN0 3 /1 ; KI/1.9; and KBr/1.9 caused a strengthening at first and then 
a weakening of the positively orientating functioning in the ventral nerve 
cord, and also a strengthening at first and then a weakening of the 
negatively orientating functioning in the brain. 

When the worms were immersed in the single or mixed salt solutions, 
they showed or ought to show, invariably, after a long run of time, either 
the random movement while live or no movement when dead (in both 
cases the average occupied angle must be 90°) as a definitive effect of 
such strong solutions, even though most of the solutions caused a streng- 
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thening of either or both of the positively orientating functioning in the 
ventral nerve cord and the negatively orientating functioning in the brain 
at the beginning of immersion. 

Besides those above-mentioned, special tendencies of change in orienta¬ 
tion different from them were shown by NaCI and MgCl*: 

NaCl. This salt disclosed rather diverse effects on the photic orienta¬ 
tion in relation to concentration, temperature and month. In the experi¬ 
ments carried on at a temperature of 19.5 S -20.5°C., during June 10-22, 
1926, we found in a normal solution a tendency to cause a weakening of 
the positively orientating functioning in the ventral nerve cord and a 
strengthening of the negatively orientating functioning in the brain, and 
even the effect of NaCl h KC1 was to manifest a general tendency of this 
sort, though it caused a strengthening of the positively and a weakening 
of the negatively orientating functioning at the beginning of immersion. 
In the experiments carried on at a temperature* of 25°C., during August 
17 23, 1928, we were able to obtain, even in the case of a 1/2 normal 
solution, nearly the* same results. In the experiments, however, which 
were carried on at a temperature 26.1°-26.7°C., during July 15-27, 1929, 
in spite of the fact that all the solutions, from a 1/32 to a normal, showed 
a tendency to strengthen the negatively orientating functioning in the 
brain, in the ventral nerve cord a tendency to weaken the positively orientat¬ 
ing functioning was detectable only in a stronger concentration, while in 
a weaker concentration it tended to cause a strengthening at first and 
then a weakening of the positively orientating functioning. 

MgCU. This salt also exhibited somewhat diverse effects on the photic 
orientation in Allolobophora in relation to concentration, temperature and 
month. In the experiments carried on at a temperature of 19.5 20.5“C., 
during June 10 22, 1926, with a 1/2 normal solution there was evidently 
a tendency to cause a strengthening of the positively orientating functioning 
in the ventral nerve cord and a weakening of the negatively orientating 
functioning in the brain. In the experiments carried on at a temperature 
of 23 3 -25 C., during August 17-23, 1928, we were able to obtain also 
with a 1/2 normal solution nearly the same results, even though this solu¬ 
tion tended to cause a slight weakening of the positively orientating func¬ 
tioning in the ventral nerve cord. In the experiments, however, which w r ere 
carried on at a temperature of 26.7°-27.8°C., during July 28-August 10, 
1929, in spite of the fact that all the solutions, from a 1/32 to a 
normal, showed a tendency to weaken the negatively orientating functioning 
in the brain, a tendency to strengthen the positively orientating functioning 
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in the ventral nerve cord was detectable only in the case of a higher 
concentration, i.e. above 1/2, and in a lower concentration it tended to 
cause a strengthening at first and then a weakening of positively orientating 
functioning, even a tendency to weaken continuously having been shown 
in the case of a 1/32 normal solution. 

Probable effective order of the cations in causing changes of orientation 
in Allolohophora foetida. (This part of the inferences appears even to us 
very doubtful.) 


Chlorides - 


in the brain 

Cu/>Mg,>Na or K 

in the ventral cord 

Ca/>Na or K Mg 

Sulphates — 


in the brain 

Na or K>Mg Fe 

in the ventral cord 

Mg> Fe Na or K 

Nitrates— , 


in the brain 

K Ca Mg Na 

in the ventral cord 

Mg Ca>Na K 

Iodides - 


in the brain 

Na>K 

in the ventral cord 

K>Na 

Bromides — 


in both the brain and the ventral cord 

Na>K 


Changes in backward crawling in Allolobophora foetida: 

CaCl g /2, MgCI../2-f CaCI 2 /2, CaCI,/24NaCI/1 ; Mg(N(>,)./24- 

Ca(NOi) 2 /2, and Ca(NO,) 2 /2-f KN(),/I caused backward crawling mainh 
by a relative weakening of the forward functioning in the brain. 

KCI/1, NaCl/1 + KCI/1; MgS() 4 /1.7,Na,S(),/1.7,Nn 2 S(Vl, MgS<) ( /1.74 
NiijSOj/1.7, MgSO,/1.7 t-KjSCb/1.7; NaNO.,/1, NaNO,/2, KNO.,/1; 
NaI/1.9, KI/1.9, Nal/1.94 KI/1.9; NaBr/1.9, KHr/1.9, NaBr/1.9 + KBr/1.9; 
Na a SO,/4 + NaNOj/2, Na*S0 4 /4 + NaCl/2, and NaNO ; ,/2 + NaCl/2 caused 
backward crawling mainly by a -relative weakening of the forward func¬ 
tioning in the ventral nerve cord. 

MgCl./2 + NaCI/l, MgCW'2 + KCl/l, CaCl?'2 + KC1/1 : MgSO,/2, 
FeS0 4 /1.7, K 2 SO,/1.7, MgS(),/1.7 4-FeS0 4 ,/1.7, FeS0 4 /1.7 + Na 2 S(> 4 /1.7, 
FeS0 4 /1.7 + K 3 SCh/1.7, Na 2 S() < /1.7 +K,SO,/1.7 ; Mg(NO„) 2 /2, Ca(NO,) 2 /2, 
Mg(NOj)j[/2 4- NaNOj/1, Ca(N(),.),/2 + NaNO,/l, Mg(NO,)»/24 KNO./1. 

NaNOj/1 + KNO„/l; MgSO,/2 + Mg(N(),) 2 /2, \lgSO«/2 + MgCl 2 /2, and 
Mg(N() : i) 7 /'2 I- Mg Cl./2 caused backward crawling by a relative weakening 
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of the forward functioning in both the brain and the ventral nerve cord. 

In a solution of NaCl weaker than 1/2 normal a strengthening of the 
backward functioning in crawling was caused by a relative weakening of 
the forward functioning in both the brain and the ventral nerve cord, 
while in a solution stronger than 3/4 normal it was caused by a relative 
weakening of the forward functioning in the ventral nerve cord. 

In a solution of MgCL stronger than 3/4 normal a strengthening of 
the backward functioning was caused by a relative weakening of the for¬ 
ward functioning in both the brain and the ventral nerve cord, while in 
a solution weaker than 1/2 normal a weakening of the backward function¬ 
ing might be caused mainly bv a relative strengthening of the forward 
functioning in the ventral nerve cord. 

In water a strengthening of the backward crawling movement was 
caused mainly by a relative' strengthening of the backward functioning in 
the ventral nerve cord, but as the duration of immersion was prolonged 
the forward functioning in the ventral nerve cord became' stronger than 
the backward functioning. 

Probable effective order of the cations in causing backward crawling in 
Allolobophora foetida : 

Chlorides— Ca./Mg 'K or Na 

Sulphates — Fe >Mg>K>Na 

Nitrates— indeterminable, owing to the discordant results from 
the experiments, but ? Mg or Ca^Na or K 

Iodides - indeterminable 

Bromide's — indeterminable 

General conception of the mechanism causing changes in the tropism 
reaction of animals . With regard to the phototactic movements in the 
nauplii of Balanus pcrforatus> Kwald 7 gives the following statements: 
" Isotonic sodium chloride solution, pure or added to natural seawater, 
makes negative animals positive and positive animals more positive. If 
sufficiently in excess of the other salts, it inhibits negative reaction entirely. 
Isotonic potassium chloride solution, added to natural seawater, acts in the 
same direction, though less effectively. Isotonic calcium chloride solution, 
added to natural seawater, makes the larvae lose their power of reaction 
to light stimuli, causing them to swim about at random without negative 
or positive orientation. Magnesium chloride or sulphate .solution acts as 

oEwald, W. F. 1912. On artificial modification of light reaction and the influence of 
electrolytes on phototaxis. Joum. Exp. Zool., Vol. 13, Pp. 591-612. 
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an antagonist to sodium. Added in the proportion prevailing in natural 
seawater to pure NaCl solution, MgCl 2 brings about the negative reaction 
which is suspended in pure NaCl solution. There is no difference in 
response to photic stimuli between larvae in the sodium magnesium mixture 
and inpure seawater. For a normal production of light reaction it is 
necessary to have the correct production of sodium on one side and mag¬ 
nesium on the other. Hypertonic solutions of NaCl or MgCl 2 had a strong 
positivating effect, hypotonic solution of NaCl had an equally obvious 
negativating effect.” As to phototactic reactions in Hyalella , Jackson H) 
states that “ some potassium salts made them weakly positive; potassium 
bromide and potassium chlorate produced no marked change in their 
phototactic response, nor did any of the sodium salts, or magnesium sul¬ 
phate.” And the following statements are given by Kani>a" ; in relation 
to Arenicola larvae: “ In seawater made hypertonic by addition of NaCl 

or KC1 some larvae (20-35 per cent.) become negative. In seawater made 
hypertonic with CaCl 2 , MgCl 2 or MgSO,, no reverse was observed. Hyper¬ 
tonic sodium and potassium chloride solutions added to the artificial sea¬ 
water reversed the positive heliotropism of the majority of the larvae." 

As to the other fields of tropism reaction two following statements 
may be referred : 

“Any chemical in the concentration used,” states Allek 1,; with regard 
to rheotaxis in Asellus , “will cause* a decrease in the positive rheotactic 
reaction, but the chlorine salts of calcium and strontium cause this decrease 
usually without a preliminary stimulation. Magnesium chloride while in 
the main similar in action often causes preliminary stimulation and barium 
chloride is still more stimuln'ing, resembling the alkali metals in its effect. 
In the cations such as potassium which arc* highly stimulating the* depression 
is a toxic effect while in depressing cations as calcium, rheotaxis is depressed 
long before toxicity symptoms appear. There is a marked antagonism 
between the effect of potassium and calcium chlorides and a less marked 
one between the chlorides of sodium and magnesium.” 

“According to Cokhn and Barrat,” states Bancroft 11 in rotation to 

Jackson, H. H. T. 1910. The control of phototaclu* reactions in Ifyalella l>y chemicals. 
Journ. Comp. Neur., Vol. 2, Pp. 259-263. 

^Kanda, S. 1919. On the reversibility of the heliotropism of Arenicola larvae by 
chemicals. Biol. Bull., Vol. 36, Pp. 149 -166. 

10) Allee, W. C. 1916. Chemical control of rheotaxis in Asellus. Journ. Exp Zoul., Vol. 
21, Pp. 163-198. 

n > Bancroft, K. W. 1906. The control of galvanotropiiin in Paramecium by chemical 
substances. Univ. Calif. Publ., Physiol., Vol 3, No. 4, Pp. 21 31. 
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the galvanotaxis in Paramecium , “ the backward swimming to the anode 
must depend only upon the osmotic pressure, and not upon the chemical 
nature of the solution. It has been found, however, that as regards this 
anodal swimming paramecia behave very differently to equimolecular salt 
solutions having chemical differences.” 

From the above it may be understood that the action of chemicals 
differs according not only to their different properties ,2) and to their 
different concentrations, but even relatively to different species of animals. 
Besides these relations, differences in temperature and season cause an 
alteration in the photic orientation ' VU) . Moreover, polychaete larvae and 
very young earthworms show positive orientation, while their adults show 
negative orientation towards the same light source 1 ' 0 : fatigued specimens 
of Allolobophora show positive orientation, while fresh ones show negative 
orientation and not only do axially different parts of the body of Allolo¬ 
bophora show different reactions but even a single specimen can alter 
its orientation while it is crawling forwards or backwards (trial and error). 
Thus it may be definitely stated that even within the limits of the Allolo¬ 
bophora, the animal reacts differently to light or to any stimulating source 
according to the difference not only in its environmental conditions extern¬ 
ally, but in its own physiological conditions, internally. 

Nomura lb) believes that phototaxis in Allolobophora foeiida must 
originally depend directly on the functioning of the entire central nervous 
system, because this phenomenon is exhibited as a bodily movement, even 
if many indirect factors such as changes in the osmotic pressure, in the 
metabolic state, in receptors and in the nerve endings, etc. may I re 
enumerated, and in 1926 he concluded that the orientation of Allolobophora 
is determined by the antagonistic functioning of the brain and of the 
ventral nerve cord, orientation being distinct from phototaxis, which is 

V1 > Nomiika, E. 1926. Effect of chemicals on phototaxis in Allolobophora foetidu (Sav.), 
and its analysis based upon the antagonistic relation between the functionings of the brain 
and of the ventral nerve cord. Sci. Rep. T6hoku Imp. Univ., 4th ser., Vol. 2, Pp. 1 51. 

I3 > Nomura, K. and Ohfuchi, S. 1926. Effect of heat on phototaxis in Allolobophora 
foetida (Sav.), and its analysis based upon the antagonistic relation between the functionings 
of the brain and of the ventral nerve cord Ibid., Vol. 2, Pp. 105-126. 

1 0 Nomura. E. and Ohfuchi, S. 1928. Seasonal changes of photic orientation in Allolo¬ 
bophora foetida. Ibid., Vol. 3, Pp. 97-112. 

r ’> Nomura, E. 1928. Kwankei«D6butsu no Jy6riku to Tekift (Landing and adaptation of 
Annelids). Nippon-GakujutsU'Ky6kwai-H6koku, Vol. 4, Pp. 470—177. 

^Nomura, E. 1926. Effect of light on the movement of the earthworm, Allolobophora 
foettda (Sav). Sci Rep. T6hoku Imp. Univ., 4th ser., Vol. 1, Pp. 293-109. 
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caused by forward or backward crawling together with positive or negative 
orientation. 

Now, we wish to state as a general conception that the apparent 
orientation is determined definitively by the antagonism between the degrees 
of positive' and negative orientations occurring in the entire central nervous 
system, and that, therefore, the apparent orientation is changeable at any 
time when the antagonistic relation changes. Thus tropism reactions ought 
to be determined by the orientation in combination with the forward or 
backward crawling, which is also determined by the antagonism between 
the functionings in the central nervous system. 

Finally, on the basis of the above conception, we wish to maintain 
that all the factors which alter the antagonistic relations alter also the* 
tropism reaction ,7; . July I, 1942. 

,7 >Nomuka, E. 1930. Kftsei no Henkwa ni tsuite (On changes in orientation Nippon- 
Gakujutsu-KyAkwai-H6koku, Vol. 6. Pp. 166 173. 
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Ihe regular diurnal fluctuation of the* osmotic* value in the normal state 
of the; cell in leaves is well known by the works of a number of investiga¬ 
tors, such as Ursprunc; and Blum (1916), Korstian (1924), Walter 
(1929, 1931), Braun-Blanquet and Walter (1931), and Volk (1931)- , 
and it has been dealt with generally as an indication of (he diurnal change 
in the water balance; while Blagowestschknski (1926) proved by means 
of the plasmolytic method a similar fluctuation in the osmotic value at 
incipient plasmolysis in various plants. The* writer (1931) observed by the 
plasmolytic method that the 4 osmotic value underwent a regular diurnal 
fluctuation in some plants on Mt. Ilakkoda, although it was not found in 
a large number of plants there. 

The plasmolytic method differs substantially from the cryoscopic in 
giving not the osmotic value in the normal state but the value at incipient 
plasmolysis—in other words, when the cell wall is not at all distended 
and the cell sap has practically a certain definite volume. Accordingly, 
in the determination of the fluctuation of the osmotic value by means of 
the plasmolytic method in the same tissue 1 in a relatively short period of 
time, we can deal with the quantitative change of osmotically effective 
substances in cell sap, apart from the status of the* water balance which 
can be estimated only by determining the water content. By the cryoscopic 
method, on the contrary, we can know the osmotic value in the normal 
state of the cell which is the result of both the 1 water balance and the 
amount of osmotically effective substances in cell sap. 

The fact that the osmotic value at incipient plasmolysis shows a diurnal 
fluctuation is to be regarded as the only result of fluctuation of the amount 
of osmotically effective substances in cell sap, which seems to be induced 
by the water deficit occurring in the course of daytime. 

UContributions from the Mt. Hakk6da Botanical Laboratory. No. 1(5. 

2 >Most of those authors made use of the cryoscopic method, while Ukhpkijnc; and Blum 
used the plasmolytic method correcting the results for the normal state of the cell by taking 
into consideration the change of the volume in plasmolysis. 
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The present investigation was conducted to ascertain these relations, 
using as material a species of plant, Polygonum sachalinense , in which a 
remarkable diurnal fluctuation of the osmotic value at incipient plasmolysis 
was proved in the writer's previous work. The osmotic value at incipient 
plasmolysis and the water content together with the amounts of sugars and 
starch of the leaves were compared in the materials taken before sunrise 
(at about 4 a.m.) and in the afternoon (at about 3 p.m.). The investigation 
was carried out for twelve days in July and August of 1931. The osmotic 
value was determined in the epidermal cells of the upper side of the leaf, 
while the water content, sugars and starch were all estimated in the whole 
tissues of the leaf blade' (except the midrib). 

MATKRIAL AND MKTHODS 

Two individuals of Polygonum sachalinense growing on open ground 
in the neighbourhood of the Mt. Hakkoda Botanical Laboratory were 
used. This perennial herb has very large soft leave's, the height reaching 
about three meters. In earlier July when a part of the experiments was 
made they were in active growth and about two meters high ; whereas in 
the middle of August when the rest of the experiments were set about 
they attained full growth and were blooming. 

The' osmotic value was determined by the' plasmolytic method with 
sucrose solutions with a difference' of 0.02 mol., otherwise in the same way 
as in the previous work. 

The determination of sugars and starch was carried out as follows: 
Fresh leaves were killed by inserting into alcohol, and finely powdered 
after drying. The powdered material was extracted with water over night 
in an incubator at 37 in the presence of toluene. The extract, together 
with the alcohol used, was tested for simple sugars and sucrose. The 
inversion was made by boiling with hydrochloric acid. The residue was 
boiled with water, and then kept over night at 37 under the addition of 
Taka-diastase and toluene. After filtration, the filtrate was further hydro¬ 
lyzed with the acid, and glucose thus produced was determined, on which 
the original amount of starch was calculated. Simple sugars were deter¬ 
mined by means of the Wood-Ost copper carbonate method [Cole (1928) 
p. 177]. 

In the determination of the' osmotic value and the analysis, mature 
leaves from about the same height on the shoots were taken as material. 
While in the' 1st series of experiments different leaves were taken for 
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the morning and afternoon tests on each day, the same leaf was used for 
the tests in the other series, the half ineluding the midrib being left intact 
for the afternoon test. 

Sugars and starch, as well as the water content in the 1st and 3rd 
series of experiments, were always estimated in all the* leaves used for the 
osmotic value determination. 


RESULTS 

Results obtained an* shown in the; following tables : The percentages 
are all on dry weight basis. The* fluctuation is indicated by the difference 
between the morning and afternoon values in the percentage to the former, 
a decrease being marked with a negative sign. 

Evaporation (Ev)*was determined by the Livinc.ston spherical atmometer, 
and duration of sunshine (Ss) by the Jordan sunshine recorder. Evapora¬ 
tion is indicated in cc. — that during the daytime (7 a.m. to 7 p.m.) and 
that during the preceding night (7 p.m. to 7 a.m.) are shown separately, 
the latter in brackets. Duration of sunshine is in hr.- that during the 
time from sunrise to 3 p.m. is shown. Temperature (T), in C\, is represented 
by those at 7 a.m. and 1p.m., moreover that at 9 p.m. in the* preceding 
evening being shown in brackets. 

1st series of experiments — with “individual no. 1 

Julv 5: Rainy 
July 6: Fair 

July 7: Fair-Ev -14.9.0 7\ Ss 5.5, T 13 1(L9) 

July 8: Fair * Ev -14.9f1.2\ Ss 6.3, T 12 17(10) 


— 

i 

^ . Shoot i 

Osmotic , |lQ 
value 1 1 

Morning 

0.30 0.42 

Afternoon 

0.42 -0.40 

Fluctuation 

1 ° Si 

Julv 9: 

! 

m °l 1 ' Mean ' 

0.317 

1 0.427 

26 

Cloudy, then fair 


- 

1 

I “ 


(windy) 

Water content 

208 

221 

i ~ 1S 

Ev-13.0(0.0) 

Simple sugars % j 

1.10 

1.25 

14 

Ss - 2.0 

' 1 


— 


T 12-13(10) 

Sucrose ; 

2.10 

2.03 

| 25 

j 

— i 




Starch 1 

2.01 

5.90 

120 


*One leaf was taken from each shoot. Only in this series of experiments different 
leaves were u«ed in the morning and the afternoon respectively. 
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Morning 

A ternoon 

Fluctuation 

y o 


Osmotic 

Shoot 
no. 1-8 

0.34-0.40 

0.38 0.48 


July 10: 

value 

Mean 

0.367 

0.413 

13 

Fair (windy) 

Water content 

279 

229 

-18 

Ev-- 14.8(0.6) 

Ss -- 8.0 

T -9-13(8) 

Simple sugars 

1.10 

1.09 

- 1 

Sucrose 

»> On 

1.91 

-14 

Starch 


5.15 

8.19 

59 


Osmotic 

Shoot 
no. 7-12 

0.34 0.40 

0.40-0.48 


July 11: 

value 

Mean 

0.360 

0.423 

18 

Foggy 

Water content 

258 

245 

- 5 

Kv- 0(0.2) 

Ss - 0.2 

T -8-8(7) 

Simple sugars 

1.33 

1.66 

25 

Sucrose 

2.44 

3.62 

48 

Starch 


5.08 

I U. 31 

124 


Osmotic 

Shoot 
no. 7-12 

0.34-0.40 

| 0.32-0.42 


July 12: 

value 

Mean 

0.367 

0.367 

0 

Foggy 

Water content 

| 258 

253 

- 2 

Kv- 0(0) 

Ss 0 

T - 8-8(6) 

Simple sugars 

2.19 

1.77 

-19 

Sucrose 

2.40 

2.76 

15 

■ 

Starch 


7.24 

8.80 

22 


2nd series of experiments — with “ individual no. 2 

August 10: Rainy 
August 11: Fair 

August 12: Cloudy, occasionally cleared —Kv -11.0(0.7), Ss —0.8, T—15-19(15) 
August 13: Fair, frequently clouded Ev —11.4£l.O), Ss —4.0, T--17-20(15) 






Morning 

Afternoon 

Fluctuation 

o 

f? 


Osmotic 

Shoot no. 1 

Leaf no. 1 

„ no. 2 

0.38 

0.40 

0.48 

0.50 

26 

25 

August 14: 

value 

-- — - 

_ —- - 

- _ — A 

"-- 

-- 

mol . sucrose 

M no. 2 

no. 1 

0.38 

0.48 

21 

Fair, frequently 
clouded 


Met 

in 

0.387 

0.480 

24 
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Ev --13.4(2.0) 
Ss=~ 5.0 

T —19-21(15) 

Water 

content 

Shoot no. 1 

*. no. 2 

Leaf no. 1 

219 

180 

-18 

: 13 

13 

15 

m no. 2 

.. no. 1 

209 

210 

181 

182 

181 

Mean 

213 




Leaf no. 3 

0.40 

0.44 

10 



Shoot no. 1 

— 

— 






no. 4 

0.40 

0.50 

25 


0*»mottc 

- 


__ 

— 

. - 

August 15: 

value 

.. no. 2 

no. 2 

0.44 

0.44 

0 

Fair 


Mean 

0.413 

0.460 

10 

Ev = 20.0(6.2) 

.. . 


Leaf no. 3 

204 

185 

9 

Ss - 8.2 


Shoot no. 1 


-- 

_ 

_— 

T --21-25(18) 

Water 


,, no. 4 

212 

184 

13 


content 

.. no. 2 

.. no. 2 

! 214 

200 

7 



Mean 

210 

190 

i 10 

1 

"! 

1 


Loaf no 1 

0.42 

0.40 

: to 

! 

i 

Shoot no. 2 


i 

1 


i 


1 


no. 2 

i 0.42 

| 0.42 

0 


Osmotic 


_ 

l 


i 

August 10: 

value 

.. no. 4 

» no. 1 

0.4) 

0.44 

i 10 ~ 

Fair 


Mean 

0.413 

0.440 

r * 

Kv =17.4(5.8) 



Leaf no. 1 

232 

213 

!“' - 8 

Ss — 7.0 


Shoot no. .3 

- _ 

1 — 

- 


T --24-27(20) 

1 

Water 


.» no. 2 

__ 

| 240 

228 

| - 5 


content 

„ no. 4 

,, no 1 

! 234 

1 __ _ 

j 210 

I - 8 



Mean 

235 

219 

- 7 


August 17: Cloudy, frequently cleared — Kv 11.6(5.0), Ss -0.2, T--20-27(19) 




J Leaf 

no. 3 

0.40 

0.46 

15 


Osmotic 

Shoot no. 3 — 

1 

; 

no. 4 

_ 

0.36 

. 

0.44 

22 

August 18: 

value 

” no. 4 j „ 

no. 2 

0.40 

0.48 

20 

Fair 

Ev —22.1(4.3) 

— 

Mean 

j j Loaf 

no. 3 

0.387 

234 

0.460 

195 1 

19 

17 

Ss =- 5.6 


Shoot no. 3 |- 

- 


- - - 


T —21-26 (20) 

Water 

j 

i 

no. 4 

j 238 

194 

18 


content 

— - ^ 

a, nO 4 | a. 

no 2j 

238 

206 

-13 

i 

i 

l 


Mean 


237 

i 

! 198 i 

16 
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3rd series of experiments — with “ individual no. 1 ”, 






Morning 

Afternoon 

Fluctuatior 

a J 

V 



Shoot no 1 

Leaf no. 1 

_ 

0.42 

0.50 

..19 



- 

no. 2 

.. no. 1 

0.42 

0.48 

14 



„ no. 3 

" no 1 

0.40 

0.46 

15 


Osmotic 

- - 

- 

- 

— 

. 


\ h 1 lie 

,, no. 4 

,, no. 1 

0.38 

0.44 

16 

August ID: 

mol. sucrose 



— 

- 

— 



,, no. 0 

,, no. 1 

0.42 

0.48 

14 

Fair, then cloudy 


_ 







,, no. 0 

,, no. 1 

0.12 

0.50 

19 

Fv- 16.0(3.4) 


-- 

. 

_ 



Ss - 6.0 


Mean 

0.410 

0.477 

16 

T 2-1-26(19) 

Water content 

" 

187 

165 

-12 


Simple sugars 

. 

1 *»** 

1.66 

27 


Sucrose 

'o 

2.61 

3.10 

17 


Staioh 


3.35 

7.45 

122 



Shoot no 1 

Leaf no. 2 

0.42 

0.50 

! 19 



no 2 

.. no. 2 

0.12 

i 

0.52 

i _ 

i 24 



no. 3 

,, no 2 

0.38 

0.16 

21 


Osmotic 


- — - 




August 20: 

value 

.. no. 4 

~ 

M no. 2 

0.40 

i 1 

j 

0.48 

20 

Fuir 


,, no. 5 

.. no. a 

0.40 

0.50 

25 



. 

,, no. 6 

no. 2 

0.40 

0.50 1 

25 

F\ - 24. .‘ho . 1) 




1 



Ss - 8.0 


Mean 

0.403 

0.403 

21 

T - 21-25(22) 

— 


— 



— 


Water content 


182 

160 

-12 


Simple sugars 


1.64 

1 .38 

-16 


Sucrose 


2.97 

1.31 

l 

45 


Starch 

2.74 

5.35 ; 

95 


August 21: Fair, frequently clouded — Ev-~ 17.8(9.0;, Ss — 1.7, T — 21-23(21) 
August 22: Fair or cloudy in the forenoon, rainy (3 n.m.) in the afternoon 
Kv-- 8.5(3.0), S, -2.6. T--23-23(20) 
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Shoot no. 1 1 

Leaf no. 3 

0.44 

0.48 

9 



.. no. 2 

no. 3 

0.40 

0.48 

20 

August 23: 


.. no 3 

no. 3 

0.30 

0.40 

11 

Rainy (0.5 mm) 

Osmotic 

value 

,, no. 4 

,, no. 3 

0.38 

0.48 

20 

in the preceding 
night; cloudy, 


». no. 5 

.. no. 3 

0.42 

0.10 

10 

then heavy rain 
(ca. 50 mm.) in 


.. no. 0 

,, no. 3 

0.42 

0.46 

10 

Ev - 9.2(3.4) 


Mean 

0.403 

0.460 

14 

Ss *=1.2 

Water content 


180 

171 

10 

T --21-22(19) 

Simple sugars 


2.17 

1.70 

-18 



Sucrose 


2.57 

3.39 

32 



Starch 


3.20 

5.15 

57 



Shoot no. 1 

Leaf no. 4 

0.40 

0.4S 

20 



„ no. 2 

,, no. 4 

0.40 

0.50 

25 



,, no. 3 

». no 4 

0.38 

0.18 

20 

August 24: 

Cloudy 

Osmotic 

value 

», no. 4 

,, no. 5 

,, no. 4 

.i no. 4 

0.40 

0.40 

0.41 

0.40 

10 

15 

Ev~5.0(0) 


.» no. 6 

,, no. 4 

0.40 

0.40 

15 

Ss-0 


Mean 

0.397 

0.470 

18 

T --13-15(17) 

Water content 

103 

170 

12 


Simple sugars 

1.00 

2.10 

0 



Sucrose 


2.20 

3.08 

63 


Starch 

3.84 

3.95 

3 


DISCUSSION AND CONCLUSIONS 

In the 1st series of experiments wc can compare dry days with sunshine 
(the 9th and 10th) and humid days almost without sunshine and with 
the air saturated with vapour (the 11th and 12th). The osmotic value 
was higher in the afternoon than in the morning, except the 12th on which 
it remained the same throughout, hut sank again to an almost definite 
value every morning. The water content always d«*< reused in the afternoon, 
though the decrease was very little on humid days. It is clear that the 







506 


T. JIMBO 


water deficit brought about in the daytime was recovered in the night, 
since the water content showed a rather constant value every morning. 

During the 2nd series of experiments the climatic conditions were arid, 
fine warm days with strong evaporation and full sunshine continuing. The 
increase of the osmotic value during the daytime was observed in almost 
every leaf, while the morning value showed no remarkable difference. The 
water content always showed a decrease in the afternoon, but the water 
balance was recovered in the night. It is noteworthy that as a rule the 
larger the increase* in the* osmotic value the larger was the decrease in 
the water content in individual leaves —this fact could be proved to some 
extent also in the other series. 

In the 3rd series of experiments, the first two days were dry, whereas 
the subsequent two days were more or less humid. The increase of the 
osmotic value and the decrease of the water content were pronounced 
every day. The osmotic value and the water content remained almost 
constant in the morning on either dry or humid days. 

The above mentioned results can be summarized as follows: 

1) As a rule, the osmotic value at incipient plasmolysis was higher 
(up to nearly 30%) and the water content smaller in the afternoon than 
in early morning. This fact shows that the amount of osmotically effective 
substances in cell sap increases during the daytime, water deficit being 
brought about at the same* time. The probable diurnal fluctuation of the 
osmotic value in the normal state of (he cell may he not only due to the 
change in the water balance* but to the new formation of osmotically 
effective substances. 

2) Moreover, a parallelism in the rate of increase of the osmotic value 
and the rate of decrease of the water content was clearly recognized — 
in other words, (he larger was the water deficit, the more osmotically effective 
substances wore formed. 

3) The* osmotic value and the water content remained rather constant 
every morning regardless of the daily climatic conditions. Namely, the 
water deficit brought about in the daytime could be fully recovered in the 
night and, on the other hand, the amount of osmotically effective substances 
sank to a more or less definite value in the morning. It is to be noted 
that the weather was rather changeable on this mountain and the environ¬ 
mental conditions were different from those of the experiments of VOLK 
(1931) and Fisek and Caktkmjeri (1932), who observed relatively high 
morning values in the osmotic value in the normal state of the cell during 
a dry period. Throughout the period of the writer’s experiments the water 
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content of the soil around the roots of the plants in question varied within 
the range from 23 to 36 96 . 

Besides, we can find still other remarkable facts that the osmotic value 
was higher in August than in July in the same individual — even in the 
same shoots — and that, on the other hand, the water content was smaller 
in August that in July — the mean osmotic value in the morning was 
0.36 mol. in July and 0.40 mol. in August, while the mean value of the 
water content was 266^6 in July and 188°^ in August. Such distinct 
seasonal differences might be due to internal causes in the plant, which 
was in active growth in July while in August the growth has been practical¬ 
ly completed and it was blooming. The fact that the osmotic value 
increases and the water content decreases in the course of the growing 
period, agrees with what Riser and Cartkllieki (1932) noticed in various 
plants. So far as the osmotic value is concerned, the same thing was 
observed by Fikhas (1931) in moor plants. Blagowt.stschknski (1928) 
also observed that the osmotic value reached the maximum at the' blooming 
time in a cotton plant. 

The real nature of osmotically effective substances in the cell sap has 
not yet been thoroughly ascertained, but generally sugars have been sup¬ 
posed to be the most important ones among those substances [Lewis and 
Tuttle (1920), Lode (1924), etc.], although salts are known to play a 
great role in plants growing on saline soil or in saline* water [Kitting 
(1911), Faber (1913, 1923), Braun-Blanquet and Walter (1931, p.728 
ff.)]. On the other hand it is known from the researches of Horn (1923) 
and Ahrns (1924) that a loss of water from the cell — such as in wilting 
— induces an increase in the sugar content at the cost of starch. Iuin 
(1929) not only observed that even a slight loss of water causes an increase 
in the sugar content, but ascertained that the same species of plant shows 
a higher sugar content of cell sap when grown in a dry habitat than in 
a moist one, and that ecological groups of plants which are known to be 
characterized with low osmotic values — such as succulents — contain smaller 
amounts of sugars. W. Muller 0 pointed out, on the basis of data obtained 
by Rancken and Bender, higher osmotic values in the groups of mosses 
poor in starch (presumably rich in sugar instead) than in those rich in 
starch. 

Riser and Caktellieri (1932) ascertained in species of plants including 
both sun and shade plants that the osmotic value determined by the 

uCf. Zeitschr. f. Botan ., 11 (1919), 231. 
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cryoscopic method rises in the course of daytime while the water content 
sinks, and they suggested the possibility of participation of sugars, which 
are considered to be transformed from starch in connection with water 
deficit. Walter ( 1931 ) was of a similar opinion as those authors who 
recognized the role of sugars, for he pointed out the inverse relation 
between the diurnal curves of the water content and the amount of sugars, 
especially disaccharides, on the basis of results obtained by Kokin 0 while 
Maximow attributed the diurnal fluctuation of the osmotic value in the 
normal state of the cell to the change of the water balance exclusively. 

In connection with this complicated problem, the writer wishes to refer 
to the analytical data in the above tables, showing the relative numbers 8) 
of the total sugar molecules calculated. 



Morning 

Afternoon 

Fluctua¬ 

tion 


Morning 

Afternoon 

Fluctua¬ 
tion fo 

July 9 



■i 

i\ugust 19 

5.0 

6.1 

22 

July 10 

■m 


MM 

August 20 

6.1 

6.9 

13 

July 11 

5.0 

6.8 

36 

August 23 

6.7 

6.8 

1 

July 12 

6.0 

6.1 

-7 

August 24 


7.8 



As will bo clear from this table, the total sugar molecules generally 
increase (up to more than 30 in the afternoon like the osmotic value, 
although the rate of their increase docs not agree completely with that 
of the osmotic value. Furthermore it is to be noted that the relative 
number of the total sugar molecules is larger in August than in July in 
accordance with the higher osmotic value. Although these results are not 
sufficient to clear up the relations between the sugar content and the 
osmotic value, we can recognize a great significance of sugars as osmotically 
effective substances at any rate. 


SUMMARY 

1. In the leaves of Polygonum sachalinense , the osmotic value at incipient 
plasmolysis, the water content, sugars and starch were determined before 

^ Cited by Waukk (1931, p. 49 ff.). 

2) Cited by Walter (1931, p. 32). 

35 Since the molecular weight of sucrose is 1.9 times greater than that of glucose, the 
relative number of the total sugar molecules is obtained by the sum of the percentage of 
simple sugars multiplied by 1.9 and that of sucrose. 
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sunrise and in the afternoon on successive days under rather changeable 
climatic conditions on Mt. Hakkoda. 

2. The osmotic value at incipient plasmolysis was higher (up to nearly 
30 °/o) and the water content smaller in the afternoon than in early morning. 
Moreover, a parallelism in the rate of increase of the osmotic, value and 
that of decrease of the water content was clearly recognized. 

3. This fact shows that the water deficit induces a new formation of 
osmotically effective substances. Although the cause of the diurnal increase 
of the osmotic value in the normal state of the cell is attributed in the 
main to the water deficit, there is no doubt that the new formation of 
osmotically effective substances plays an important role in it. 

4. The osmotic value at incipient plasmolysis, accordingly the amount 
of osmotically effective substances, and the water deficit recovered to an 
almost definite status every morning. 

5. It was noticed that the rise of the osmotic value increased generally 
in accordance with the relative number of the total sugar molecules. There 
is no doubt about the great role of sugars played in the osmotic value 
of cell sap. 

The writer wishes to express his cordial thanks to Prof. Dr. Y. Yoshii, 
under whose direction this work was done at the Mt. Ilakkoda Botanical 
Laboratory. 
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Many of the specimens of the species under discussion were collected 
in the summer of 1929 from the firm sandy mud of streamlets and pools 
adjacent to the river Arakawa, which is the upper portion of the river 
Sumida, Tokyo. They live usually at a depth of more than 20 cm. When 
collecting them 1 could not determine whether or not they congregate and 
swing their posterior parts, owing to the muddy water in the locality, but 
actually they were found apart from each other as slender reddish threads 
apparently clinging tenaciously to the solid mud when broken. After the 
mud was removed, they coiled up at first and then began to congregate 
together as usual in culture dish. The species here dealt with is noticeably 
different, however, from other Japanese species of Limnodrilus found 
hitherto in the shallow water of gutters and ditches, — namely L. gotoi, 
L . willeyiy and L . motwmurai — in having no envelope; this is composed 
of a slimy secretion from the body and of fine mud particles, and covers 
the anterior half of the body. These worms creep into sandy mud as 
quickly as other species do into the mud of ditches. 

External Features. The worms are filiform, very long in proportion 
to their thickness, the hinder portion in particular being extremely thin 
and thread-like. The length of a well-narcotized, sexually-mature specimen 
is over 80 mm., the maximum thickness being less than 0.6 mm., even 
towards the anterior end, the main middle portion being less than 0.15 mm. 
The prostomium is roughly triangular, with a bluntly rounded anterior 
end. Segments I-V consist of shorter anterior and a longer interior 
annuli (PI. XIII, 1). The clitellar portion is somewhat swollen giving a slender 
fusiform appearance to the anterior end of the body. The segments, 
especially the post-clitellar, are notably long in proportion to their thickness, 
the length generally measuring more than twkr (he thickness. Therefore, 
the number of segments is comparatively small, 8E-95 having been counted 
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in most cases. 

Seta-Bundles (PI. XIII, 3 and 4, and PI. XIV, 7). In each segment, 
four seta-bundles are arranged in a setal zone at about two-sixths or three- 
sevenths of the respective segment length from its posterior termination. 
The position of the seta-bundles, especially the ventral ones, is nearer the 
median plane of the body in comparison with those in other Japanese 
species of Limnodrilus. 

While the worms are immature, generally in the pre-elitellar segments 
two setae form a bundle, but when they are full-grown one or two in¬ 
complete ones are frequently added, and sometimes even four complete 
setae may be counted. In the post-clitellar segments, generally one, rarely 
two complete setae are found in a bundle. 

Setae (Fig. 1). All the setae are of the two-pronged sigmoid type, 
the nodule being situated at a distance less than one-third of the setal 
length from the distal end. The prongs are generally more or less worn 
out, sometimes being sharply pointed. In this species, however, it is 
apparent that the upper prong is naturally longer and stouter than the 
lower. 



Fig 1. Setae. x350. 2, 3, 7, 18 and X - seta or scto-bundle in Segments II, III, 
VII, XVIII, and the last, respectively; d- -dorsal setae, v- ventral setae, Z --a 
young seta. 

The ventral setae in Segments IV-X are characterized, in particular, 
by their discordant length and stoutness in proportion to those of the 
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corresponding dorsal setae in a segment, though usually the ventral setae 
are larger than the corresponding dorsal ones, even in other species of 
Tubificidae. This condition of the setae is one of the most remarkable 
characteristics of the present species, and this is the reason why 1 prefer 
grandisetosus as the specific name. 

In Segments II and III, the dorsal and ventral setae are of the same 
type and are small, measuring only about from 75 // to 87 /* long. The 
dorsal setae becoming larger gradually with the increase in the number 
in order of the segment, measure about 125/* or more in Segment VII, 
and then begin to decrease towards the last segment in which they measure 
Only 40/* or less. The stout ventral setae beginning in Segment IV, 
increase in length towards Segment Vll from 115/* to 180/*, and then 
decrease posteriorly, a transitional size and feature between normal and 
stout being found in Segment X. The ventral setae are absent in Segment 
XI. In the post-clitellar segments the dorsal and ventral setae are again 
of the same type. 

Body Wall. In sexually-mature specimens, the clitellum extends from 
the beginning of Segment XI to the posterior end of Segment XII. 

In the pre-clitellar portion, the body wall is generally thin, measuring 
from 15/* to 30/* in thickness when the body extended, but when fully 
contracted it measures 40 /* or more. In the post-clitellar portion, especially 
in the middle, the body wall is comparatively thick, measuring from 25/* 
to 60 /*, according to the difference in thickness of the peritoneal and 
longitudinal muscle layers. No gland cells are found in the extra-clitellar 
hypodermis, this characteristic being probably correlated with the absence 
of a muddy envelope around the body. 

Septa (PI. XIII, 1, and PI, XV, 12). The septa begin with the inter¬ 
segment III/IV. Those which are found at the inter-segments III/IV—IX/X 
are noticeably thick, and only the foremost three septa and Septum VI1I/IX 
show a funnel-shape, the remainder being exposed nearly vertically. The 
septa at the inter-segments X/XI and X1/XI1 are very thin, and when the 
genital organs are fully developed they show also a funnel-shape. 

Septal Sacs (PI. XIV, 6). These are small and are attached to the 
posterior faces of Septa VI/V1I and VII/VIII on both sides of the ventral 
vessel just ventral to the intestine. It is worthy of note that in an imma¬ 
ture specimen I was able to find other three pairs of well-developed septal 
sacs attached to Septa III/IV~V/VI in the same position as those mentioned 
above. Therefore, it may be considered that the ^eptal sacs of the present 
species develop in relation to Septa III/IV-VII/VIII, but when the worms 
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are young the anterior ones are formed before the posterior ones begin 
to develop, and on attaining sexual maturity the anterior ones disappear, 
the posterior ones remaining, but their size probably diminishes. 

Buccal Cavity and Pharynx (PI. XIII, 1 and 2). The dorso-ventrally 
flattened, thin-walled buccal cavity begins to be spacious towards Segment 
II and is transferred to the pharynx where it is clearly distinguished from 
the former bv the presence of a ciliated, thick, ventral wall. The outline 
of the pharynx is fusiform as a whole having its maximum width at the 
middle of Segment III. This most widened portion is semi-circular in 
cross section, with a ^-shaped lumen, the walls, thin lateral, thick dorsal 
and ventral being ciliated, and measures dorso-ventrally about one-fourth 
and laterally one-third of the diameter of the segment. 

Near the posterior end of the pharynx a thin-walled, median dorsal 
inlet is observable. This inlet spreads anteriorly for some distance along 
both lateral margins of the pharynx, having a horse-shoe shape as a whole. 
Pharyngeal gland cells are not very numerous, and are attached to the 
walls of the dorsal inlet separately or forming masses. 

Oesophagus (PI. XIII, 1 and 3). The narrowed posterior end of the 
pharynx continues to the oesophagus, after piercing Septum II1/1V. The 
oesophagus is a slender tube, measuring about from one-sixth to one-eighth 
of the diameter of the segment, and terminating at the posterior end of 
Segment V. Chloragogue cells are usually found in Segment V attached 
to the dorsal wall of the oesophagus, but they are never so numerous as 
those seen in the structure of the intestine. 

Intestine. It commences at the anterior end of Segment VI, together 
with a thickly developed layer of chloragogue cells surrounding all sides of 
the intestine. In Segment VI, the intestine proper, excluding the chlorago¬ 
gue layer, is still narrow and shows nearly the same structure (PI. XIII, 4) 
as that of the oesophagus, but on entering Segment VII it begins to 
increase in diameter, and comes to measure about one-fourth of the diameter 
of the segment (PI. XIII, 5, and Pis. XIV and XV). The intestine retains 
this state until the genital segments, including the ovisac, arep assed over. 
From that point the dimensions of the intestine increase more or less 
suddenly, measuring about from one-third to one-half of the diameter of 
the segment (PI. XV, 16). If we add the chloragogue layer, the intestine 
reaches from two-thirds to three-fourths of the segment diameter, and when 
the intestinal canal is filled with food it may occupy nearly the whole 
space of the coelomic cavity. 

Nephkidia. I have not been able to find the anterior nephridia in 
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the present species: I mean the nephridia which are found in Segments 
VII and VIII in the other species of Limnodrilus . 

The posterior nephridia commence in Segment XIIL They are deve¬ 
loped only on the left side of the body. The convoluting tubule 1 of each 
nephridium spreads nearly along the whole length of a segment, mainly 
on the left side of the ventral nerve cord, but sometimes traversing also 
to the right side. * They open exteriorly just in front of the setal zone, 
inside the left ventral seta-bundle. The asymmetrical development of the 
nephridia may not be an unusual feature among Japanese species of 
Tubificidae, a left side occurrence in Tubifex hattai and a right side occur¬ 
rence in Limnodrilus motomurai having been reported by the present writer. 

Spekm-Sacs. Both the anterior and posterior sperm-sacs are unpaired. 
The anterior one is confined to Segment IX, and the posterior one when 
fully developed reaches to the posterior end of Segment XIV. 

Sperm-Ducts (Fig. 2). The sperm-duct funnel is somewhat urceolate 
and opens widely into Segment X. The vas deferens turns in manifold 
windings in Segment XI, its greater part being pushed into the posterior 
sperm-sac by the developing ova. It is circular in cross section, and is 
nearly of uniform diameter all through, viz. 25-30 /', with its lumen of 
about from one-half to five-sixths of the diameter. The lumen is wider 
in the anterior portion than in the portion near the atrium. Consequently, 
the wall of the vas deferens where exposed is thicker in the posterior 
portion than in the anterior. 

The atrium as a whole is fusiform, receiving I he vas* deferens at the 



Fig. 2. Schematic representation of sperm-duct. X100. Reconstructed, at - — 
atrium, chp chitinous penis sheath, da — duct portion of atrium, f — sperm*durt 
funnel, p — penis, pch — penial chamber, pr — opening of prostate gland to atrium, 
spt—septum, vd — vas deferens. 
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narrow end, and being continued to the atrial duct portion at the other 
end. The diameter at both ends is nearly of the same length as that of 
the vas deferens, the widest portion at the middle measuring 60-70^, as 
observed in specimens. The lumen is somewhat spacious, and shows a 
round, triangular, crescent, or irregular outline in cross sections. 

The prostate gland is comparatively small, and irregularly shaped, 
being divided into several lobes, and is attached to one*side of the widest 
portion of the atrium. The sphincter muscle surrounding the stalk of the 
gland is noticeably well developed. 

Since the features of the atrial duct portion and of the penis are the 
most prominent criterion in arriving at a definition of the present species, 
it seems to me to be necessary to give somewhat detailed descriptions of 
them. 

The atrial duct portion is nearly equal to, or more or less longer than, 
the atrium proper. It is also circular in cross-section all through, beginning 
with a narrow diameter nearly equal to that of the vas deferens. But 
this diameter then increases gradually towards the distal end and finally 
becomes wider than the widest portion of the atrium, measuring more 
than twice the diameter of the vas deferens. At the commencement of 
the duct portion, the non-ciliated, irregularly formed glandular epithelium 
of the atrium is transformed into a thin unicellular epithelium which encloses 
a circular lumen. The latter epithelium consists of cubical cells containing 
dense cytoplasm. This is then gradually transformed into a multicellular 
layer towards the distal end, and with the increase of the diameter of the 
duct portion, the lumen becomes wider and irregularly shaped again. The 
distal end of the duct portion is thickly invested with spirally arranged 
muscle fibres connecting with the musculature of the body wall. 

The penis is short and is nearly conical, furnished with a protrusion which 
originates from its outer distal margin (Fig. 2, and FIs. XVI and XVII). 

The penis proper is composed of two unicellular epithelia, outer and 
inner, enclosing an irregularly shaped penial lumen, and measures about 
65/* in length and about 74 /* in Width at the proximal end. The multi¬ 
cellular epithelium of the atrial duct portion is again transformed, first at 
its distal end, into a unicellular epithelium, and continues to the inner 
penial epithelium, the diameter of the duct portion decreasing more or 
less suddenly. The inner epithelium consists of cubical, polygonal, and 
columner cells, while the outer epithelium consists of somewhat flatly formed 
cubical or polygonal cells. The space between the inner and outer epithelia 
is rather spacious at the proximal half, being completely filled with peri- 
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toneal cells, but it narrows gradually towards the distal end. The muscle 
layer investing the outer surface of the atrial duct portion intrudes also 
into the space between the inner and outer epithelia adhering to the inner, 
but this time it is a sphincter in character. At the distal end of the penis 
the margin of the opening of the penial lumen ought to be formed by a 
layer which is not differentiated into inner and outer. But, actually, at 
the level of about two-thirds of the penial length from the proximal end, 
the diameter of the penis becomes remarkably narrow, owing mainly to 
a sudden thinning of the outer epithelium. Thus, only the inner epithelium 
appears to form the marginal layer of the penial opening. Consequently, 
in serial cross sections, at that level the inside portion of the outer epithe¬ 
lium begins to disappear, only the inner epithelium being left. Then the 
inside portion of the inner epithelium begins to disappear, and finally only 
small outside portions of the inner and outer epithelia remain to form the 
base of the penial protrusion. The nuclei of the inner penial epithelium 
are generally smaller than those of the outer one and of the epithelium 
of the atrial duct portion. 

The penial protrusion is a solid rod with a large swelling at its distal 
end. The whole protrusion is longer 
than the penis proper. The rod por¬ 
tion consists of elongated cells densely 
arranged, and the swollen portion of 
irregularly-shaped cells loosely ar¬ 
ranged with several intercellular 
spaces. 

The chitinous penis sheath (Figs. 2 
and 3, and FIs. XVI and XVII) is shovel¬ 
shaped, consisting of a handle and a 
blade. Its thickness is almost uniform 
throughout the entire structure, measuring about 7 /^, even though the 
blade portion may appear to be thin when observed in a living specimen. 
The handle portion is circular in cross-section all through, narrowing to¬ 
wards its distal end, and is about twice as long as broad at its proximal 
end, where it measures about 85 ft. Nearly at the level of distal end of 
the rod portion of the penial protrusion, the blade portion begins to spread 
out laterally and anteriorly, originating from all the margins of the distal 
end of the handle portion, and showing a ventralwards concavity over the 
swollen portion of the penial protrusion. The blade portion is obtusely 
triangular, the narrow end being directed anteriorly and measuring about 



Fig. 3. Dorsal (left) and side fright) 
views of the < hitinous pruis sheath from 
fresh material compressed. y 100. bp 
blade portion, hp — handle portion. 
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95/* by 125/'. Its whole edge is terminated at the dorsal wall of penial 
chamber to which it is attached. 

Penial Chambers. Each organ is rather tubular and of nearly equal 
diameter, viz. 80-85 /', with a spacious chamber only at its ental portion, 
where the maximum diameter measures about 135/' or more. The outer 
epithelium of the penis turns over distally at its proximal termination, 
and continues to the lining epithelium of the penial chamber, which is also 
uni-cellular, consisting of flatly-formed cubical or polygonal cells attached 
closely to the chitinous penis sheath. Nearly at the level of the base of 
the penial protrusion, the lining epithelium begins to separate from the 
chitinous sheath, and from that point becomes irregularly folded, but never 
comes again in contact with the sheath until the edge of the blade portion 
adheres to it in the dorsal region of the penial chamber. After proceeding 
antero-laterally, the chamber finally opens exteriorly on the* longitudinal, 
ventral setal line at the middle of Segment XI. The outer surface of 
the penial chamber, especially its proximal portion, is thickly invested with 
spirally arranged muscle fibres. 

Spermatiiecae. Each spermathcca consists of two portions, saccular 
(PI. XV, 12) and tubular (PI. XIV, 10). Spermatophores are seen in the 
saccular portion. The tubular or duct portion is noticeably long, measuring 
more than twice* the length of the* saccular portion, and it opens exteriorly 
nearly at the middle portion of Segment X in front of, and a little inside, 
the ventral seta-bundle. In its natural position the wall of the saccular 
portion is fully distended, while that of the duct portion is very irregularly 
folded. The left and right spermathecae are usually arranged crosswise. 

Ovisac. The posterior ovisac extends to the posterior end of Segment 
XIV. 

In one specimen, an anteriorly-directed bulge from the anterior septum 
of Segment XI was observed, its anterior face having been entangled 
thickly with the commissural vessels of Segment X (PI. XV, 13). In the 
present specimen, the coelomie space in Segment XI, as well as the pos¬ 
terior ovisac, was filled with ova in different developmental stages. The 
posterior sperm-sac, however, which ought to bulge out in a posterior 
direction also from the anterior septum of Segment XI, was not detectable, 
while the anterior sperm-sac was perfectly developed containing sperm 
morulae in several stages. Regarding this undeveloped posterior sperm-sac 
1 cannot, of course, say decidedly whether it was beginning to form or 
had already degenerated. But from several other points, it appears to 
me that the present species may be protogynous, as an exceptional case 



LIMNODRILUS GRANMSETOSUS, NOV. SP. 


519 


among many protandrous species of oligochaetes, and it also appears that 
the anteriorly directed bulge from Septum X/Xl may be taken as an 
indication of the presence of an anterior ovisac, even though it may be 
only a temporary feature. In reality, I believe from examination of other 
specimens that the posterior sperm-sac develops directly from the probable 
anterior ovisac by its inversion into Segment XI, the commissural vessels 
being withdrawn into it. 

Dorsal Vessel. The dorsal vessel divides at its anterior end just 
behind the prostomial ganglion, and runs posteriorly along the ventral 
surface of the brain. In Segment II, the vessel lies far apart from, but 
mid-dorsally to, the alimentary tract, and in Segment III it gradually 
approaches the median dorsal surface of the pharynx. In each segment 
posterior to III, the direction of the dorsal vessel when contracted varies 
io its course, hut as this direction appears to change relatively to the 
position of each segment, it may be described in some detail. In Segment 
IV, the vessel runs posteriorly along the left dorsal side of (he oesophagus, 
but later it turns to the right dorsal side. In Segment V, it runs at first 
along the median dorsal side of the oesophagus, then along the left dorsal, 
and finally turns suddenly to the right dorsal. In Segments VI and VI1, 
it runs at first along the median or right dorsal side of the intestine, and 
then turns suddenly to the left dorsal. In Segment VIII, at the level of 
origin of the intestinal hearts it runs along the left dorsal side of the 
intestine, but at the setal zone it begins to deviate strongly to the loft. 
Then, turning suddenly to the right dorsal and entering the* chloragogue 
layer, it comes very close to the endoderm. In fact, in the segments 
anterior to VII1, the dorsal vessel never reaches the endoderm, even if 
sometimes it enters the chloragogue layer. In Segment IX, the vessel 
turns gradually from the left dorsal side of the intestine to the right dorsal, 
or even to the right ventral side. In Segment X, it runs for the most 
part along the right or right ventral side of the intestine. In the segments 
anterior to X the dorsal vessel resumes, as a rule, the median dorsal 
position in relation to the alimentary canal when it pierces I he septa, but 
in the case of Septum X/XI it maintains the position of the right ventral. 
In the segments posterior to X it continues to run along the right or right 
ventral side of the intestine, even when piercing the septa, sometimes 
approaching the right side of the ventral vessel or of the ventral nerve 
cord. It is worthy of note, in connection with most segments in the middle 
and posterior regions of the body, that the doivil vessel is almost invested 
with a chloragogue layer, which is separately formed from that of the 
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intestine. This may probably suggest a peritoneal origin for the chlorago- 
gue layer. 

Sijpra-intestinal Vessel. This vessel opens into the dorsal vessel at 
the anterior end of Segment VI. In Segments VI-VIII it lies usually on 
the median dorsal side of the intestine, being attached to the endoderm. 
After entering Segment IX, however, it begins to run along the right 
dorsal side of the intestine, though it may, but less frequently, turn to 
the left dorsal side. In the segments posterior to XI, the presence of the 
supra-intestinal vessel is very doubtful, being sometimes recognized only 
as swellings in the intestinal networks. 

Ventral Vessel. Each branch from the anterior end of the dorsal 
vessel runs anteriorly along either side of the prostomial ganglion, and 
after winding a few times it runs first ventro-posteriorly along the inside 
of the peripharyngeal nerve, then along the dorsal side of the ventral 
nerve cord, finally uniting with the opposite branch just in front of the 
setal zone of Segment VI and forming a single ventral vessel. The latter 
vessel, running posteriorly, becomes extraordinarily thin in Segment VIII, 
and at the middle of Segment IX it continues to the thickened portion of 
the ventral vessel which is made by the union of the intestinal hearts. 
The ventral vessel runs usually along the dorsal side of the ventral nerve 
cord, but in the segments posterior to X, when the dorsal vessel comes 
to the right side, it moves to the left. 

Commissural Vessels. The commissural vessels are almost coelomic 
in Segments II and III, being sometimes attached to the peritoneal layer 
of both septum and body wall. Each of them branches out from the 
dorsal vessel just at the posterior end of the segment and proceeds dorso- 
laterally and anteriorly, and after winding in a few convolutions it opens 
into the paired ventral vessel on the respective side also at the posterior 
end of the segment. 

In Segments IV and V, each commissural vessel leaves the dorsal vessel 
just in front of the posterioly directed end of the septal funnel and pro¬ 
ceeds dorso-laterally along the anterior face of the septum. After a short 
course, it turns vontrally and attains the ventral body wall on the respec¬ 
tive side of the ventral nerve cord straight through the coelomic cavity. 
Then it makes several undulations, but is always attached to the peri¬ 
toneum, and finally comes to the dorsal body wall at the setal zone just 
inside the dorsal seta-bundle, and again proceeds towards the ventral body 
wall straight through the coelomic cavity. After running parallel to the 
paired ventral vessels, the commissural vessels open to the latter on the 
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respective side just in front of the posterior septum. Therefore, in these 
segments, we find the dorso-ventral course twice running through the 
coelomic cavity, one at the setal /one and the other just in front of the 
posterior septum. 

In Segments VI and Vll (Fig. 4), each vessel branches out laterally 
from the dorsal vessel just in front of the posterior septum, and soon 
turning towards the dorsal body wall it reaches the junction between the 
septum and the body wall, inside the longitudinal, dorsal setal line. Then 


bw dv 



Fig. 4. .Schematized cross section through the hinder region of Segment VII, to 
show the course of commissural vessels. X 100. Reconstructed, bw — body wall, chi -- 
chloragogue layer, dv — dorsal vessel, i - intestine, le — left commissural vessel, re — 
right commissural vessel, vn ventral nerve cord, vv — ventral vessel. 

it makes several undulations being always attached to the peritoneum, and 
comes finally to the surface of the posterior septum near the ventral body 
wall. Then, running along the septal and ventral body walls for a short 
distance, it leaves the body wall and opens into the ventral vessel also 
just in front of the posterior septum. 

In Segment VIII, the commissures are absent, as is usually the case. 

In Segment IX, the commissural vessels branch out from the dorsal 
vessel which is right side to the intestine and are immediately attached 
to the outer surface of the anterior sperm-sac just in front of the posterior 
septum. After making antero-posterior undulations each leaves the sperm- 
sac for the dorsal body wall running along the surface of the posterior 
septum, but through the coelomic cavity. Then it again makes several 
undulations, becoming attached to the peritoneum of the body wall and 
coming finally to the respective- lateral side of the entrance to the anterior 
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sperm-sac, from which point it runs directly towards the ventral vessel 
again through the coelomio cavity. The present commisures show neither 
the pulsation nor the pulsatory structure, which may be seen in those of 
Limnodrilus gotoi and L. willeyi. 

In Segment X, the course of the commissural vessels is nearly the same 
as that in Segment IX, except that at the start from the dorsal vessel 
each enters the posterior sperm-sac. It passes the ventral side of the 
sperm-duct funnel before it opens into the ventral vessel. 

In Segment XI, the course is also the same as that in Segment IX, 
but each vessel, at its start from (he dorsal vessel supplies the posteriorly 
directed ovi-sae. 



K»g. 5. Schematic representation of the posterior half of a segment at the middle 
region of the body, to show the course of the commissural vessels and the relution 
between the dorsal, ventral, dorso-supra intestinal and the ventro-sub-intestinal vessels. 

> 100. Reconstructed, bw —■ body wall, chi —- cbloragogue layer investing the intestine, 
chid - chloragogue layer investing the dorsal vessel, dsv —dorso-supra-intestinal vessel, 
dv dorsal vessel, in— intestinal canal, lc — left commissural vessel, rc — right com¬ 
missural vessel, \n- - ventral nerve cord, vs ventro-sub-intestinal vessel, v\ - ventral 
vessel. 

In the segments posterior to XI, each commissure is remarkably fine, 
and is integumentary over most of its course. Each originates from the 
dorsal vessel just in front of the posterior septum, and enters the ventral 
body wall on the respective side of the ventral nerve cord at distance from 
the septum, the left one after proceeding around the intestine through 
the chloragogue layer, and the right one via the right ventral body wall 
(Fig. 5). 
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Intestinal Vessels (Fig. 5). In a middle or posterior segment, usually 
only one dorso-supra-intestinal vessel is found at a level a little posterior 
to the setal zone, and only one ventr<>-su 1 >-info*stina 1 vessel a little anterior 
to it. They are apparently connected with the intestinal network, the 
presence of the supra-intestinal and sub-intestinal vessels being very doubtful. 


REMARKS. 

In the late autumn of 1910, I was able, on one occasion, to collect 
some specimens of a freshwater oligochaete from the sandy mud of a 
narrow canal, the water of which was supplied from the river Arakawa, 
and which ran through Oji, then a northen suburb of Tok>o. This canal 
was not found in 1929. 

The worms were clearly characterized by their slenderness and depth 
of habitat in comparison with the other species oi Tubifieidae, which are 
commonly found in Japan. In an examination of fresh specimen under a 
microscope, the specially thickened anterior septa and disproportionately 
sized ventral setae attracted my attention. However, as the specimens 
were immature, at most only two setae were counted in each seta-bundle 
of pre-clitellar segments, and the chitinous penis sheath had not yet formed, 
so that time 1 believed rashly that the specie's did not belong to the genus 
Limnodrilus . 

In June of 1929 I again made a collection searching principally for 
the species under discussion, and I was able to obtain a number of sexually- 
mature specimens from streamlets and pools in the catchment area of the 
Arakawa near the Akabane Bridge. 

As already stated the present species is accurately distinguished from 
the other species of Limnodrilus by the smaller number of its setae, all 
of which are of the two-pronged sigmoid type; by the discordant difference 
in size between the dorsal and ventral setae in the pre-clitellar segments; 
by the absence of anterior nephridia ; by the presence of posterior nephridia 
only on the loft side of the body ; by the special dilatation in the distal 
half of the atrial duct portion; by the presence of a penial protrusion 
attached to the apex of a short conical penis; and by the presence of a 
short shovel-shaped, chitinous, penis sheath. 

A nearly similar shape of chitinous penis sheath was drawn and a 
small number of setae were described by Stephenson in 1929 in describ¬ 
ing his Limnodrilus sp. from Upper Burma. Notwithstanding that his 
description is brief, it seems to be most probable that the Japanese and 



524 


E. NOMURA 


Burmese species are closely allied, but as the former species differs from 
the latter, at any rate not only in the dimensions of the blade portion 
of chitinous penis sheath but especially in the proportions of the dorsal 
and ventral setae, which can never escape the eyes of any investigator, I 
wish to propose the new name, Limnodrilus grandisetosus, for my present 
species, even though these characteristics may not be specific. 

It may be noted here that in localities of the same depth L. grandiseto- 
sus may be found together with Branchiura sp. (it may be Br. sowerbyi 
Bedd., but 1 am quite uncertain about this at present), sometimes with 
L. gotoi Hatai, L. willeyi Nomura, and even with Tubifex hattai Nomura, 
especially after a flood, but L. grandisetosus has never been found in such 
shallow water as that of gutters or ditches, where several species of 
Tubificidae are abundantly found. 

Finally, 1 will here give a summary of the distinguishing features of 
the present new species. 

Limnodrilus grandisetosus , nov. sp. 

Body filiform, remarkably slender; colour red or reddish brown; an¬ 
terior septa comparatively thick ; transverse striations due to septa are not 
seen in the posterior part; length 80-100 mm.; number of segments 85-95. 
Prostomium roughly triangular. Segments 1-V biannulate, posterior annulus 
longer. Clitellum forming a complete ring and occupying Segments XI 
and XII, both entirely inclusive. Brain almost square, emarginate pos¬ 
teriorly. Setae sigmoid, bifurcate; most prongs worn out, but upper prong 
generally larger. Kach seta-bundle consists of 2 or 3, sometimes of 4 
setae in the anterior segments, of 2 or 1 in the middle segments, and of 
1 in the posterior. The ventral setae in Segments IV-X disproportionately 
larger than the corresponding dorsal ones; for example, in Segment VII 
the largest ventral seta is about one and a half times as long and three 
times as wide as the largest dorsal. Two pairs of small septal sacs 
attached to the posterior faces of Septa VI/VII and VII/VIII on the ventral 
side of the intestine in sexually-maturo specimens. Pharyngeal gland cells 
attached to the wall of the horse-shoe shaped dorsal inlet of the pharynx 
separately, or forming masses; oesophagus in Segment IV and V ; intestine 
and chloragogues commence in Segment VI. Anterior nephridia absent; 
posterior nephridia only on the left side of the body. Prostate gland small, 
irregulary shaped. Atrial duct portion dilated distally, wider than the 
atrium or twice or more than twice as wide as the vas deferens. Penis 
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short, conical, with a penial protrusion. Chitinous penis sheath shovel¬ 
shaped, with a horizontally spread blade portion longer than the half of 
a tubular handle portion; the handle portion circular in cross-section all 
through, twice or less than twice as long as it is broad at the proximal 
end. Anterior sperm-sac unpaired. Both the posterior sperm-sac and 
ovisac reach the posterior septum of Segment XIV. Duct portion of the 
spermatheca twice or more than twice as long as the saccular portion. 

Habitat — Catchment area of the river Arakawa, Tokyo. 

August 18, 1932. 
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EXPLANATION OF PLATES. 


ad.atrial duct portion 

asp.anterior sperm-sac 

hr.brain 

c.commissural vessel 

cao • • • commissural vessel entangled in the 
outer surface of probable anterior 
ovisac 

chi.chloragogue cell or layer 

cs • '-chitinous penis sheath 

d.'dorsal vessel 

db.dorsal seta-bundle 

ds.distal swelling of penial protrusion 

dsp • • • duct portion of spermatheca 

easp-entrance to anterior sperm-sac 

es • — oesophagus 

ff.follicular fundus of seta-bundle 

fp • • • • female pore 

h .intestinal heart 

i. intestine 

if.interfollicular muscle 


ipe.inner penial epithelium 

li - * • ■ connection between lateral line and 

interfollicular muscle 
11.lateral line 

lm.longitudinal muscle fibres of body 

wall 

lpc.lining epithelium of penial chamber 

m. mouth 

mp.mule pore 

mpp • middle portion of penial protrusion 

n .ventral nerve cord 

neph-' nephridium 
o- ••ovary 

of.oviduct funnel 

ope •• •■ outer penial epithelium 

ov • •• ovum 

p • ■ ■ • penis 

pch penial chamber 

ph • • pharynx 

phg pharyngeal gland 
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ppp* • 

• proximal portion of penial protru- 

spth 

• • • spermatheca 


sion 

ss •• 

••••septal sac 

pr ... 

prostomium 

st • • 

• • seta 

prg 

•prostomial gangl.on 

sv 

■ • sub-intestinal vessel 

psp 

posterior sperm-sac 

t * • • 

• • • testis 

sc • • • • 

commissural vessel in posterior 

tm 

• • • • transverse parieto-vaginal muscle 


sperm-sac 

V 

■ • ventral vessel 

sf ’ 

••sperm-duct funnel 

vb • • 

- - • ventral seta-bundle 

si • — 

■ • supra-intestinal vessel 

vd 

vas deferens 

sm • • 

■spiral muscle fibre 

vs 

. . .. ventro-sub-intestinal vessel 

sml ■ • • 

sperm morula 

I. II, 

III, IV, IX, X, XI, XII number of 

spp-•• 

spermathecal pore 


segment 

sps • • • 

saccular portion of spermutheea 

1II/IV, IV/V, V/VI, VI/VII, VIII/IX, IX/X 

spt 

septum 


• • number of septum 


Plates X1II-XV. Sections of body, x 100. Microphotos.: — 

1. Median longitudinal section through Segments I-V. 

2 Cross section of Segment III through widest portion of pharynx. 

3. Cross section through seta! zone of Segment V. 

4. Cross section through setal zone of Segment VI. 

5. Cross section through Septum VI/VII. On left side, a fibrous tissue, which may be 
nervous, is seen connecting lateral line with septum. 

6. Cross section through posterior face of Septum VI/VII. 

7. Cross section through setal zone of Segment VII. 

8. Cross section through anterior portion of septal funnel VIII/IX. 

9. Cross section through posterior portion of septal funnel VIII/IX. 

10. Cross section through middle portion of Segment X. 

11. Cross section through posterior face of Septum X/XI. 

12. Longitudinal section of Segments X and XI through genital pores, nearly along 
longitudinal, ventral setal line. 

13. Cross section through anterior face of Septum X/XI. 

14. Cross section through middle portion of Segment XL 

15. Cross section through posterior portion of Segment XI. 

16. Cross section nearly through setal zone of u segment in middle region of body. 

Plates XVI and XVII. Sections through the atrial duct portion, 
penis, and penial chamber. Microphotos.: — 

A. Horizontal section of penis, from a longitudinal section of body. x230. 

1 26. From 10 {* serial cross sections of body. The numerical order of Figures directly 
denotes order of serial sections from posterior to anterior. X300.— 

1. Longitudinal section of atrial duct portion. The left end continues to the penis. 

3. Cross section nearly through distal end of atrial duct portion. 

7. Cross section through proximal portion of penis. 

9. Cross section through distal portion of penis. Outer penial epithelium is still present. 

10. The same as 9. Outer penial epithelium is beginning to disappear at its median side. 
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11. Cross section nearly through distal end of penis. Outer penial epithelium has dis- 
appeard from nearly whole circumference, portion at base of penial protrusion only 
remaining. 

12. The same as 11. Outer penial epithelium remains only, covering basal portion of penial 
protrusion. The diminution of diameter of chilinous penis sheath becomes somewhat 
acute. 

15. Cross section through middle of rod portion of penial protrusion. The more the chi* 
tinous sheath decreases in diameter, the more spacious the penial chamber. 

17. Cross section through distal end of rod portion of penial protrusion. The chitinous 
sheath becomes narrower and the blade portion begins to spread out from its ventral 
side. 

19. Cross section through the swollen portion of the penial protrusion. The blade portion 
spreading laterally and dorsally forming a roof over distal end of penial protrusion. 

21. The same as 19. The blade portion spreading nearly horizontally, showing a \entral* 
wards concavity. 

23. Penial protrusion has disappeared. In 19, 21, and 21, the lateral edges of blade portion 
are attached to lining epithelium of pcmal chamber. 

25. Anterior edge of blade portion terminating at dorsal wall of penial chamber, which is 
proceeding antero-ventrally towards ventral body wall. 

26. Chitinous penis sheath has disappeared and ventral cavity of penial chamber is approv¬ 
ing ventral hody wall. 




ON THE CURVATURE OF THE CULM OF 
SASA KURILENSIS .■> 


lu 

Katsihako Muua. 

Hh floptical fnshtutr . Tofioku Irn/nriul f hnrr tsihf, Scraiai. Jti/tan. 

(With 11 Te\t-linuros) 

This brio! note give*s the results of studies ol the* curvature of Sasa 
kurilensis Makino et Siiihata (syn. Psrudosasa kurilensis Maklno) under- 
taken during mv stay at the Mt. Ilakkocla Hotameal Laboratory during 
the* summers of 19J0 and 19J1. 

As is well known, this plant is ehararteri/od bv the curving at the 
base* of the 1 eulm, and from this peculiar property the* Japanese* name 
“ Ne*magari-dake ” is derived. 

In spite of the* ratlu*r wide distribution of this plant in northern Japan 
tin* reports at our disposal are ver\ incomplete* concerning its morphological 
and also its ecological properties, although Prof. Y. < >KAI)A ' of this labora* 


* 



Kig 1. Snsa A.Mr//<'/is/v-«issori,ition near llu* botanic al laboratory. The fionl plants 
wci'c romo\ed. (IIwashi photo.) 

11 Conti ibutions from the Mt. Hakkfala Botanical Lahoratorx, No. 17. 

-j It moans after all a sasa plant winch has a curved culm 

‘jOkadx, Y. Contribution to the Knowledge on the S n Uicrollora <»f Psrutlasasn-nswiA- 
turn I i . Tohnku Imp Uni\ . Sor. IV, Vol. 6, p. 1 W. WM1. 
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tory has recently published an interesting note on the microflora in soils 
on which the sasa-shrub grows. In studying these, the writer's aim was 
first of all to investigate the development of the* rhi/ome and to examine 
the curvature of the* culm, from the point of view of the relation between 
this curvature and the* inclination of the ground. 

Predominating over all others, this sasa-communitv is widely distributed 
round the* botanical laboratory on Mt. Hakkoda, which stands about 900 
metres above sea-level (Fig. 1). Among the numerous shrubs which are 
found in the vicinity, we may mention Sorbus Aucuparia , Ilex Supproki 
subsp. brew pedunculate , Viburnum furcatum , Daphniphyllurn hurnile , and, 
furthermore, we find scattered here and there such species as Trirntalis 
tniropaea , Mai a nth r mu m hi folium, etc. 

The vertical distribution of the sasa-communitv on Mt. Hakkoda reaches 
generally a height of about 1300 metres above sea-level. Above this height, 
the plant becomes gradually rarer. Our botanical laboratory, therefore, is 
surrounded by a luxuriant growth of the plant, thus furnishing an abundance 
of materials for its study. 


1) Tiik Df.vklopmknt of thk Riii/omf. 

The rhi/ome of the plant usually grows parallel to the soil surface, 
whether the* ground is inclined or not. On attaining a certain length the* 
growth of a rhi/ome ceases, a new rhi/ome coming from the last node, or 
sprouting from a node of the culm under ground. The branching of the 
rhi/ome is, therefore, of three different kinds as shown in figures 2, 3 
and 1. 



I 

I 
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I 
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Fig. 2. Giowth and branching of rhizomes 
ind culms of type I (schematic). — Rhizome 
,R). — Dead culm,-Culm with 


Fig. d. Growth and hianching of rhizomes 
and culms of type II (schematicJ. 


eav es. 
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Fig 4 . Growth and branching of i hizomes and c ulms of typo III (schematic) 

— Rhi/ome* (R\-Did culm, - Young culm with le »vc*s. 

Sec* Fig. 5, a and b 

1. The first t\pe. The* mother rhi/ome Rj sprouts first, followed bv 
rlii/ome R>, which later produces another rhi/ome R* and so on, constituting 
a long series of these* (Fig. 2). 

2. The second t\pe. The mother rhi/ome R, first sprouts a culm, 
from which rhi/ome* R. is derived, and in this way the propagation of 
the* plant is carried on (Fig. 3). 

3. The* third type. In this case, the propagation of the plant is 
effect eel by the* combination of the* first and the* second methods, as is 
clearly shown in figure 4 and photographs (Fig. 5, a and 1>). 



kr 

Hi * 


*( 

Fig. 5, a. Connection of rhizomes and c ulms K,, R‘> and R«* Rhizomes, J, 1', 
2, 2', 2", 3 and .V Culms. (Hayasiii photo.' 
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II) The Curvature of the Culm. 

The curvature of this plant which always takes place at the base of 
the culm (Fig. 6), can be divided into two types, namely; that which 
curves concavely only once, and that which curves twice, first concavely 
and then convexly. 



Fig. 7. The 1st type of curvature of culms. S—Surface of soil, R- -Rhizome. 

(I) The first type (Fig. 7). 

In this type, the curvature takes place at the base of the culm, pre¬ 
senting as a whole a smooth concave curvature (Fig. 7, a). The measurement 
of each curvature between two adjoining nodes shows that the curvature 
of the lower nodes, with the exception of some initial ones, is remarkably 
large, but becomes smaller at the upper nodes. This relation is seen 
distinctly in figure 8, a. In this graphical figure, the degree of curvature 
is taken as the ordinate — denoting the supplementary angle of the curva¬ 
ture of each node — and the length of the culm from the first node as 
the abscissa. Sometimes, the basal part of the culm, which consists of 
the diminished nodes, grows first vertically and then runs horizontally 
(Fig. 7, b and Fig. 8, b). As an exceptional case, the base of the culm 
has an irregular growth under ground, avoiding stones or other obstacles 
in the soil (Fig. 7, c). 

(II) The second type (Fig. 9). 

In this type, several initial nodes curve together concavely under ground, 
while only one node (Fig. 9, c, d, e) or two upper adjoining ones curve 
together convexly near the surface of the soil. In the latter case, either 
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one node curves at the surface of the soil, and the other under ground 
(Fig. 9, a), or the surface of the soil lies between the two curved nodes 
(Fig. 9, b). 



10 20 30 10 50 60 70 80 90 100 110 10 20 30 40 50 6 1 70 80 90 100 


(cm) (cin) 

Fig. 8. Graphical figures of the curvature* of the culm of Fig. 7, a and b. Roman 
numerals denote the number of the nodes and o shows the node which appeared first 
on the ground. In b the first figure X denotes the first node where the normal curva¬ 
ture begins. 



Fig. 9. The 2nd type of curvature of culms. 

* denotes the node which curved convexly. S—Surface of soil, R~ Rhizome. 
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This is more clearly shown in the graphical figures (Fig. 10, a, b, c, d). 
In these figures not only is the degree of curvature of each node given 
but also the distance of each node from the first node, as explained above. 





Fig. 10. Graphical figures of the curvature of the culms which are shown in Fig. 
9, representing the angle of curvature of each node on the ordinate. For explanation 
of the figures, see Fig. 8. The node marked under the abscissa denotes the convex 


one. 
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The type which curves twice may be seen as a special case of the first 
type in which the curvature takes place only once under ground. This 
assumption is based on the following facts. Of a total of 25 separate 
specimens of the young shoots which were examined in the early summer 
of 1931, 22 belonged to type I and only 3 to type II. The same measure¬ 
ment was made of 67 adult plants. In this case, 30 belonged to type I, 
and the remaining 37 to type II. This increase in type II, which has the 
second curvature near the ground, confirmed the writer’s conclusion that 
the curvature of the plant has arisen secondarily from external causes, 
being possibly caused by the deep snow of the first winter of its growth. 
In connection with this suggestion, it may be noted that the degree of 
the second curvature on the ground is always greater than that of the 
first curvature under the ground. 

Tables 1 and 2 show the results of the curvature measurements of 

Table 1. 

The degree of curvature and the length of the curved 
part of an adult culm of type II. 


No. 
of in¬ 
dividuals 

No. of 
node, at 
which the 
curvature 
begins 

Length of 
a culm to 
the first 
curvature 
(cm) 

No. of 
node, at 
which the 
curvature 
ends 

Length of 
a curved 
part 
(cm) 

Average 
degree of 
each 

curvature 

Inclina¬ 
tion 
of the 
ground 
(degree) 

Note 

1 

10 

1.6 

25 

20 

79.5 

172 

46.5 

The basal part 
of the culm 
grows vertically. 

2 

8 

1.9 

82.6 

173 

U 


3 

9 

1.7 

22 

51.4 

171 

91 


4 

0 

2.1 

22 

114.7 

172 

91 


5 

9 

2.1 

26 

86.1 

173 

• 9 

The basal part 
of the culm 
grows vertically. 

6 

9 

2.4 



174 

wm 


7 

5 

1.1 




mm 


8 

10 

1.8 

23 

61.1 

173 

>• 

iTie basal part 
of the culm 
grows vertically. 

9 

9 

1.3 

26 

102.9 

173 

99 


10 

8 

1.7 

24 

89.8 

174 



11 

3 

0.4 

18 

74,0 

173 

• 9 
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Table 2. 

The degree of curvature and the length of curved 
part of an adult culm of the type I. 


No. 
of in¬ 
dividuals 

No. of 
node, at 
which the 
curvature 
begins 

Length of 
the culm to 
the first 
curvature 
(cm) 

No. of 
node, at 
which the 
curvature 
ends 

Length of 
a curved 
part 

(cm) 

Average 
degree 
of each 
curvature 

176 

-182 

109 

171 

-185 

171 

Inclina¬ 
tion 
of the 
ground 
(degree) 

40.5 

Note 

12 

9 

1.9 

21 

23 

25 

19 

60.1 

-- 

13 

9 

2.0 

66.4 

H 

14 

9 

2.3 

100.6 

65.1 

115.8 

103.5 

102.8 

174 

-186 

171 
173 

-187 

170 

177 

-187 

172 
177 ‘ 

-185 

170 

170 

182 

172 

M 

II 


15 

5 

1.0 


16 

15 

4.2 

28 

28 

24 

20 

f 9 

If 

II 

II 

The basal part 
of the culm 
grows vertically. 

17 

8 

1.1 

1.6 


18 

7 

-- 

19 

5 

0.9 

91.8 

20 

5 

0.7 

18 

83.1 






■■sza 


1 

21 

7 

1.0 

18 

71.5 

-182 

2.5 

1 






I 177 


! ___ 






154 


i 

22 

7 

1.2 

21 


-184 

ft 

i 






174 


i 






j 103 


• 

oo 

8 

1.3 

18 

50.3 

-182 

II 







! 175 


! ____ 


. 




166 


The basal part 

24 

7 

1.6 

19 

77.9 

-183 

if 

of the culm 






176 


' grows vertically. 

25 

8 

1.0 

20 


176 

-183 

II 

i 

M 






173 


___ 






169 



26 

7 

2.5 

21 

86.5 

-183 








177 








160 



27 

7 

0.9 

20 

69.1 

-181 

II 







175 
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No. 
of in¬ 
dividuals 

No. of 
node, at 
which the 
curvature 
begins 

Length of 
the culm to 
the first 
curvature 
(cm) 

No. of 
node, at 
which the 
curvature 
ends’- 

Length of 
a curved 
part 
(cm) 

Average 
degree 
of each 
curvature 

Inclina¬ 
tion 
of the 
ground 
(degree) 

Note 

28 

ii 

3.1 

26 

81.3 


2.5 

The basal part 
of the culm 
grows vertically. 

29 

0 

0.8 

18 

69.2 

170 

-196 

175 

tl 

- 

30 

7 

1.0 

21 

81.6 

166 

-184 

177 

M 


31 

8 

1.0 

20 

60.5 

170 

-183 

175 

“175 

-182 

174 

168 

-182 

_177 _ 

tl 

The basal part 
of the culm 
grows vertically. 

32 

9 

1.3 

25 

65.9 

It 


33 

7 

1.6 

20 

102.9 

M 


34 

8 

1.1 

26 

70.4 


M 

The basal part 
of the culm 
grows vertically. 

36 

9 

1.8 

21 

64.0 

160 

-189 

176 

167 

-184 

175 

ft 

M 

30 

7 

0.8 

21 

69.2 

ft 


37 

7 

1.8 

19 

64.7 

163 

-183 

176 

ft 

The basal part 
of the culm 
grows vertically. 

38 

9 

2.2 

21 

67.1 

178 

-181 

176 

ft 

- 

39 

7 

1.9 

16 

20 

Cfi.l 

162 

-193 

174 

ft 


40 

7 

1.3 

69.9 

167 

-188 

175 




culms which belong to types I and II. There is practically no difference 
between these two types, except in the number of the curvatures, as stated 
above. In general, the curvature begins at the 7-th or 8-th node 1 to 
2 cm in length, and the culms become straight again at about the 20-th 
node, so that the culm curves on about 13 nodes. The degree of curvature 
between two adjoining nodes is 172° in type I on the average. This 
measurement in type II is 169° at the first curvature, and 172° at the 
second, while the convex curvature between them showed 2* on the average. 

The difference in curvature between the culm of an adult plant and 
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that of a young shoot was then examined. According to Uchida 0 , the 
inherent curvature has already taken place at the time of the young shoot, 
having already curved convexly towards the running direction of the 
rhizome, afterwards, curving more and more convexly owing to mechanical 
or other external actions. The fact that the curvature of the culm almost 
always takes place in the growing direction of the rhizome has also been 


confirmed by the present writer. 

To account for the difference in 
culm curvature between the adult 
plant and the young shoot, 29 speci¬ 
mens of the plant and 15 of the 
shoot were collected in one place, 
and the degree of curvature of the 
culm in all these plants was mea¬ 
sured with a graduator. They all 
belonged to type I, and therefore 
curved convexly near the surface 
of the soil. Kach culm was mea¬ 
sured by the following method, as 
will be seen in figure 11. 

From the results of these mea¬ 
surements we obtained, on the aver¬ 
age, the following values. « of the 
plant is about 140° and ft about 
159°, while « and ft of the shoot 
are 138° and 167°, respectively; 
therefore, of the plant is nearly 
equal to « of the shoot, but ft is 
8° greater in the shoot than in the 
plant. From these results of the 
measurements of a and ft, it is clear 
that the adult plant curves more 
distinctly on the surface of the 
ground than does the young shoot. 

To ascertain the difference in 
bending between the young and the 


A 



Fig. 11. Schematic figure of a plant to 
measure the angle of curvature of the culm. 
XY The direction of the surface of the 
soil, X'Y'*—Horizontal line, R Rhizome, 
AH—Prolonged line of the upper part of 
the culm, CD — First common tangent to 
the concave curvature, EF — Second com¬ 
mon tangent to the convex curvature, a — 
Angle of intersection of AB and CD, fi— 
Angle of intersection of CD and EF, Y— 
Angle of intersection of AB and X'Y', £- - 
Inclination of ground, abc—A culm. 


UUchiua, S. Nemagari-dake no Kenkyft. (Studies on Sasa kurilensis), in Japanese. 
Scientific Researches of the Alumni Association of the Mouoka Agr. College. Vol. I, pp. 
33-45, 1923. 
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adult plants the writer made other measurements. 

If T denotes the angle of intersection AB and X'Y' (the horizontal 
line), then it shows the angle of inclination of the culm to the horizontal 
surface. The r-value of a young shoot is nearly equal to 90°, while accord¬ 
ing to the average of 47 individuals the value of an adult plant is 73*. 
For measurement, the writer used only those culms of adult plants, which 
sprouted last year, since they had undergone only one winter. We are 
justified in being convinced that the f-value will decrease with succeeding 
years. From the results of these measurements, it seems to me that the 
culm of the plant will bend to the ground more and more with age. This 
may with certainty be attributed to the mechanical action of snow, which 
here lies on the mountain till the late spring of each year. 

We shall next discuss the relation of the inclination of the ground to 
the direction of the curvature of the plant. First, the method of measure¬ 
ment will be explained. Suppose a plane made by three points a, b and 
c in the plant to be vertical (Fig. 11) ; then the line of projection of this 
plane on the surface of the slope will show the direction of the curvature 
of the plant. It was then ascertained by measuring whether this line of 
projection coincided with the direction of the steepest sloped 

In the sasa-community on which the test was made, the plane of the 
plant which coincided with the direction of the slope was found in the 
case of a large number of the plants. The plane of some plants, however, 
made a certain angle, and often a right angle, to the vertical plane through 
the direction of the slope; the converse case viz. that of the curvature of 
the plant against the inclination of the slope being rarely found. Quadrates 
on which sasa-communities grew were selected at random at many places 
varying in inclination. The following table (Tab. 3) shows the results of 
the measurements made of the plants in each one square metre quadrate. 
The inclination of the ground was measured with a clinometer. As will 
be seen in the table, the steeper the slope, the greater will be the 
percentage of the number of the plants which curve in the direction of 
the steepest slope. The results show that the direction of the curvature 
of the plant is influenced in the main by the degree of inclination of the 
slope. 

Next, in order to determine the influence of the degree of inclination 
of the ground upon the curvature of the adult plant and of the young 
shoot respectively, the length of each intemodium and the angle made by 


1; Viz the line which makes a right angle with the contour lines of the slope. 
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Table 3. 

Relation of the inclination of the ground to the 
direction of the curvature of the plant. 


Number of 
individual 
Inclination^^ 
of ground (s°) ^ 

n 

o 


a 

Number 


Number 

% 

Number 

o' 

/« 

2.1 

11 

39 

6 

22 

11 

39 

2.3 

! 13 

52 

6 

20 

7 

28 

2.6 

8 

38 

5 

24 

8 

38 

3.8 

31 

81 

0 

0 

7 

19 

10.5 

27 

81 

0 

0 

6 

19 

15.1 

34 

85 

5 

12 

1 

3 

16.0 

27 

81 

2 

7 

4 

12 

18.3 

19 

76 

1 

4 

5 

20 

19.0 

22 

62 

5 

14 

8 

24 

21.3 

23 

88 

2 

8 

1 

4 

22.3 

21 

60 

6 

17 

8 

23 

29.5 

29 

82 

1 

4 

5 

14 

33.1 

14 

77 

1 

7 

3 

16 

36.2 

22 

96 

0 

0 

1 

4 

41.0 

33 

97 

0 

0 

1 

3 

41.5 

32 

86 

l 

3 

4 

11 


n, the culms which bend in the direction of the steepest slope; o, the culms which 
bend contrary to the direction of the slope; a, the culms which made a certain angle 
to the direction of the slope. 


two internodia of the culm of the plants were compared with those of 
the young shoots, both of which were collected from two localities differing 
in inclination. The angle of inclination of the gentler plane was 2.5°, while 
that of the steeper slope was 46.5 J . So far as adult plants are concerned, 
as is shown above in table 2, the length of the curved part of the plants 
collected from the locality with the smaller inclination is on an average 
71.3 cm, while that of the plants collected from the locality with the greater 
inclination is about 84.3 cm. The same difference is seen also in the case 
of the young shoots. From these results, the conclusion will be arrived 
at that the length of the curvature portion is longer in the plants growing 
on a steep slope than that of those on a gentle slope. This difference seems 
to be attributable to the response of the culm to gravitation, though this 
explanation has not yet been confirmed experimentally. 
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Summary. 

1. A rhizome usually grows parallel to the surface of the soil, whether 
the ground is inclined or not. When a rhizome has attained a certain 
length, its growth ceases, and a new rhizome is either produced from the 
last node, or sprouts from a node of the culm under the ground. 

2. Two types of curvature of the culm of a sasa plant as well as of 
its young shoot, can be distinguished, namely: one, in # which the culm 
curves only once concavely under the ground, and the other, in which it 
curves twice, first concavely under the ground, and then convexly near 
the surface. 

3. The second type in which the curve occurs twice, presumably arises 
from the first type, for almost all young shoots curve only once under the 
ground, while the second type is usually more common in the adult plants. 

4. The result of the measurements of the curvature of the culms shows 
that the curvature generally begins at the 7-th or 8-th node, but that the 
culm becomes straight again at about the 20-th node. The degree of 
curvature between two adjoining nodes is on the average 172°. 

5. The degree of convex curvature of an adult plant is greater than 
that of a young shoot, and the culm is inclined to bend to the ground 
more and more with age. This may, however, be due to the mechanical 
action of snow. 

6. In a sasa-community, when the inclination of the ground increases, 
the number of plants which curve in the direction of the steepest slope 
also increases. 

7. The length of the curved part of the culm is longer in plants 
growing on a steep slope than in those growing on a gentle slope. 

8. Although the curvature of a culm is a peculiar property of a sasa 
plant, yet the direction of the curvature is affected by the inclination of 
the ground. 

I here wish to express my hearty thanks to Prof. Dr. Y. Yoshu, 
Director of the Laboratory, under whose kind direction the present inves¬ 
tigation has been carried out. 
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24. STOMATOPODA.D 

By 

Taku Komai. 

Zoological Institute, Kyoto Imperial University. 

(Received Auk. 30. 1932) 

The collection comprises the following specimens which all belong to 
Squilla oratoria de Haan, the commonest stomatopod found in the Japanese 
waters: 

No. 500. $1 (1. 180 mm.), -?-l (1. 157 mm.). Loc.? 

No. 501. $£2 (1. 162, 172 mm.). Station 22. I. Off Ko/ima ; Coll. 

Prof. S. Hozawa & Mr. S. Takatuki (July 20, 1926). 

No. 502. $ 1(1.63 mm.). Station 55, II. Off Okuti; Coll. Prof. S. 

Hozawa & Mr. S. Takatuki (July 8, 1926). 

No. 503. $1 (1. 155 mm.). Station 69, V. Off Ominato; Coll. Prof. 

S. Hozawa & Dr. S. Kokubo (Aug. 11, 1926). 

No. 504. -£-l (1. 122.5 mm.). Station 2, 1. Off Asamusi; Coll. Mr. 

T. Moriyama (June 20, 1925). 

These have the characteristics of the ‘ Northern Form ’ of this species 
recorded in my previous paper (Komai, Mem. Coll. Sci. Kyoto Imp. Univ. 
B, III, p. 314). Mutsu Bay is apparently near the northern limit of the 
distribution of this spec ies as well as of the whole group of the Stomato- 
poda in the Pacific. Although this species may be found in the coast of 
the southern districts of Hokkaido, it is rather scanty there, and the bay 
is the northernmost locality where the stomatopod is fished in any abundance 
so as to form one of the objects of fisheries. 


U Contributions from the Marine Biological Station, Asamushi, Aomori-Ken. No. 91. 
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By 

Fujio Hiro. 

Zoological Institute , Kyoto Imperial University . 

(With four text-figures.) 

(Received Aug. 30, 1932) 

The present paper deals with the Cirripedia in Mutsu Bay, collected 
by Professor S. Hozawa, of the Tohoku Imperial University, and by 
Professor S. Hareyama, of the Hiroshima Higher Normal School. The 
collections are represented by only the seven species which are all the 
forms prevalent in the Japanese waters. No cirriped, parasitic or commensal 
with other animals, is found. Thus, the cirripedian fauna of this bay seems 
to be rather poor. For all the species represented here, previous investiga¬ 
tors such as Pilsbry and Nilsson-Cantell have given full descriptions, 
so that it might be superfluous to reiterate here. 

Finally, I wish to express my sincere thanks to Professor S. Hozawa 
for giving me the chance of examining the material. 

KEY TO FAMILIES AND GENERA OF CIRRIPEDIA KNOWN TO 
OCCUR IN MUTSU BAY. 

a. Pedunculate barnacles. 

b. Peduncle scaly; capitulum having 8 or more plates. 

.Family Scalpellidae. 

Genus Mitella. 

bb. Peduncle nude; capitulum having 5 large plates. 

.Family Lepadidae. 

Genus Lepas. 

aa. Sessile barnacles. 

b. Rostral compartment having alae overlapped by the adjacent 
rostrolateral compartment; walls composed of six compartments 
. Family Chthamalidae. 

Genus Chthamalus. 

bb. Rostral compartment united with the adjacent rostrolateral com¬ 
partment .Family Balanidae. 


O Contribution* from the Marine Biological Station, Asamushi, Aomori-Ken. No. 92. 
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c. Walls composed of six compartments.Genus Balanus . 

cc. Walls porous, composed of four compartments . 

. Genus Tetraclita. 


Family Scalpellidae Pilsbry. 

Genus M1TELLA Oken. 

1. Mitella mitella (Linne). 

* Syn. Pilsbry, 1907; Nilsson-Canteix, 1921. 

This species is represented by numerous specimens which carry some 
individuals of Chthamalus challengeri on the capitulum. The largest speci¬ 
men measures 28 mm. in breadth and 68 mm. in length. 

Locality: Futago-jima. Coll. Prof. S. Hozawa ; Prof. S. Hareyama. 

Distribution: Widely distributed from Japan to the Malayan waters. 

t 

Family Lepadidae Darwin. 

Genus LEPAS LlNNK. 

2. Lepas anatifera Linnk. 

Syn. Nilsson-Cantell, 1921. 

The specimens, which are attached to a floating bamboo-stem, corres- 
pond with the typical form of this species; the surface of the scuta is 
marked with a diagonal broken line of hellebore green, while on the 
surface of the terga there is no trace of it. 

Locality: Off Jizoson near the Asamushi Marine Biological Station. 
Coll. Mr. T. Mokiyama. 

Distribution: Pelagic, cosmopolitan. 

Family Chthamalidae Dkawin. 

Genus CHTHAMALUS RaN7,ANI. 

3. Chthamalus challengeri Hoek. 

(T«*xt-figs. 1, 2.) 

Chthamalus challengeri Hoek, 1883, and other Inter authors. 

Chthamalus stellatus Weltner, 1897 (in part); Kruger, 1911. 

Chthamalus challengeri nipponensis Pilsbry, 1916. 

Chthamalus challengeri occurs in the Japanese waters in crowd on 
Mitella mitella and Tetraclita squamosa japonica , as well as on rocks in 
the littoral zone. It is very difficult to make a distinction between C. 
challengeri and C. stellatus (Pou, 1795) by the mere external appearance, 
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and they have been often confused, as it was done by Weltner (1897) 
and Kruger (1911). 

The difference may be found in that C. challengeri has a well-developed 
adductor ridge on the scutum, while it is only feebly represented in C. 
stellatus . The latter species is widely distributed in the Mediterranean 
and the Atlantic; it is also known in the Malay Archipelago, but not yet 
in the Japanese waters. 

In the external appearance of this species there are developmental and 
individual variations, as is also the case with C. stellatus. In fact the 
numerous specimens which were obtained in Mutsu Bay, differ to some 
extent from the southern forms, e. g., those from Seto or Misaki, in both 
the external and internal features. In most of the southern specimens, 
the walls show many radiating ribs and a punctate appearance, as in a 
form of C. stellatus (Cf. Pilsbry, 1916: PL 71, Fig. 3.); the walls also 
are rather fragil and the orifice is much larger than that of the northern 
form. The latter form, viz ., the specimen collected in Mutsu Bay, has 
almost smooth walls, and when it is found in crowd, it becomes cylindrical, 
and up to about 10 mm. in height, much like the tubular form of C. 
stellatus (Cf. Pilsbry, 1916: PI. 71, Fig. 2 b.). 

In the opercular valves also, there is a little difference between the 
northern and southern forms. In small specimens in this collection the 
opercular valves bear similarity to Hoek’s figure of the typical form of 
this species (Cf. Hoek, 1883 : PI. XIII, Figs. 37, 38.). In all the depressed 
and tubular forms, the scutum is rather elongate laterally and the tergum 
has a narrow spur; these valves correspond perfectly with Pilsbry’s figure 
of those of the specimens from Matsushima and from Ayukawa which 
are also located in the northern Japan (Cf. Pilsbry, 1916: PL 72, Figs. 
1, la, 2, 2a.). (Text-fig. 1, a. b.) In the specimens from Seto or Misaki, 
on the other hand, the scutum is rather wide and has a very strong 
articular ridge, and the tergum has a rather wide spur; the valves resemble 
closely the same author’s figure of the same of the specimens from Yoko¬ 
hama which is near Misaki (Cf. Pilsbry, 1916: PL 72, Figs. 4, 4a.). 
(Text-fig. 1, c, d.) 

In short, the differences found in these valves seem to be only local 
variation. However, the opercular valves, which are figured by Nilsson- 
Cantell (1925) from a specimen from the Bonin Islands, show some 
resemblance to those of the northern form, in spite of the Islands being 
located far in the southern sea. Moreover the opercular valves of the 
specimen from Sagami Bay, which is described and figured by Kruger 
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Text-fig. 1. Chthamalus challengeri Hoek. 
a, Scutum, b , tcrgum, of a specimen from Mutsu Bay. x 17. 
Scutum, d, tergum, of a specimen from Seto. x17. 


(1911) to be of C. stellatus , show a resemblance to those of the northern 
form. The disagreement of the opercular valves to be noted in these 
reports seems to be due to the variation in the shape of the external walls 
according to the state of environment. 

As regards the mouth-parts, Pilsbry (1916) points out the mandible 
to bear a characteristic of the racial significance; he says: “ The mandible 

is of the stellatus form, but the three points at the lower extremity are 
much more strongly developed and the finely pectinated space above them 
is shorter.” As a matter of fact, in most of the specimens from Seto the 
mandible has a shorter pectinated space, as Pilsbry says, and the first 
maxilla bears deeper notch than found in C. stellatus. But the mouth- 
parts of the specimens from Mutsu Bay agree more closely with those of 
C. stellatus , while among the specimens from Seto and Misaki there is 
often the state intermediate between these two forms. (Text-fig. 2, a — g.) 

It is probably certain that the specimen from Hakodate recorded by 
Weltner (1897) as C. stellatus is C. challengeri. 

locality: Futago-jima. Coll. Prof. S. H6zawa ; Prof, S. Hareyama. 
Distribution: Japanese and Malayan waters. 
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a — d, Mandible of specimens from Mutsu Bay (a, b ), from Misaki (r), from Seto ((/). 
e — ft Maxilla I of specimens from Mutsu Bay (c, /'), from Seto (ft). 


Family Balanidae Gray. 

Genus BALANUS da Costa. 

4. Balanus tintinnabulum rosa P 11 .SBRY. 

(Toxt-fig. 3) 

Balanus tintinnabulum rosa Pilsrry, 1916; Brooh, 1931; Nilshon-Cantf.ix, 1931, 1932. 

The collection includes several specimens of this species, attached to 
the rocks and to the shell of Mytilus crassitesta Lischke. These corres¬ 
pond well with Pilsbry’s original statement “The barnacle is conic or 
subcylindric, with a rather large, broadly and acutely ovate aperture; 
roseate (between pomegranate-purple and Indian-lake of Ridgway’s Color 
Standards), the parietes of rostrum and lateral compartments paler than 
the carina, the radii a deeper shade of the same color. Sheath a duller 
shade of the external color.” Although the beautiful color is characteristic 
of this subspecies, there are white forms in small number mingled with 
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the reseate forms; the former is entirely white in the young stage, and 
the adult specimen bears the white parietes, though the radii and sheath 
are tinged with very pale roseate hue. 

The opercular valves (Text-fig. 3, a, b.) and mouth-parts agree with 
the description of Nilsson-Cantell (1932). 

Locality: Futago-jima. Coll. Prof. S. Hozawa. 

Distribution: Japan. 




Text-fig. 3. Balanus tintinnabulum rasa Pn sbry. 
a, Scutum, b, tergum. *6. 

5. Balanus rostratus eurostratus Broch. 

(Text-fig. 4.) 

Syn. Pilsbry, 1916; Hiro, 1932. 

The specimens from Mutsu Bay agree perfectly with Balanus rostratus 
Hoek, forma eurostratus (Broch, 1922). There are numerous small and 
large specimens up to 49 mm. in carino-rostral length and 80 mm. in height. 
In the largest specimen, which is dry and bears a very corroded surface, 
the orifice is almost as large as the base and the rostrum is furnished 
with 18 parietal tubes, like those of B . rostratus apertus Pilsbry, 1911 
from Bering Sea, though the parietal tubes are with many transverse 
septa which extend quite to the base. The number of parietal tubes is 
individually different as mentioned by Nilsson-Cantell (1932) for the 
examples of J5. rostratus spiniferus from Kobe; a specimen measuring 
about 28 mm. in carino-rostral length in this collection has 14 tubes in 
the rostrum. 
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Locality: Mutsu Bay. ( oil. Prof. S. IIo/.awa ; Prof. S. Hareyama. 
Distribution: Japan. 



Text-fig l Ha/anus rostratus eurostratus Hko< H. V 1. 


(x Balanus trigonus Dak win. 

Halanus trigonus Darwin, IHfil, and other later authors 

Locality: Mutsu Bay. Coll. Prof. S. Hozawa. 

Distribution: Pacific, Indian and Southern Atlantic Ocean. 

Conus TETRACLITA SCHUMACHER. 

7. Tetraclita squamosa japonica Pilsbky. 

Tetraehta poiosa var nigrescent, Kku<;i k, 1911. 

Tetmiiita porosa PiLSHRY, 1911, 

Tetraclita st/uamosa japonica Pll.MHn, 191(5. 

Tetraclita porosa japonica Nilsson-Canthli , 1927, 1931, 1932. 

This subspecies is the prevalent form of the species in the Japanese 
waters. 

Locality: Kutago-jima. (’oil. Prol. S. Hozawa. 

Distribution : J apa n. 
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INTRODUCTION 

The present work is based upon the materials obtained by myself in 
surface collections and vertical hauls during August, 1929-Scptember, 1930 
at numerous stations scattered throughout Mutsu Bay, and upon the plank¬ 
ton collected with a surface tow not twice a month during 1927-1931 
and preserved in the Asamushi Marine Biological Station of the Tohoku 
Imperial University. 

In this paper I have recorded 34 species belonging to 12 genera 
and 8 families according to Kofoid and Campbell’s systematic arrangement 
of the Tintinnoinea (1929). Of these, 7 seem to be new to science. 

It is my pleasure and duty to offer my sincere acknowledgment to 
Professor I)r. C. A. Kofoid and Dr. A. S. Campbell, of the Zoological 
Department of the University of California, for their kind advice and help 
in identification of the species and in the accomplishment of this investiga¬ 
tion. In collection and examination of the materials I am indebted to 
Dr. S. Kokubo and Mr. T. Tamura, of the Asamushi Marine Biological 
Station. 


SYSTEMATIC PART 
Class CILIATA. 

Order HETEROTR1CI1 ID A. 

Suborder Tmtinnoinea< 

Key to genera. 

1. Lorica consisting of a bowl with or without an aboral horn; wall 


O Contributions from the Marine Biological Station, Asamushi, Aoroori-Ken. No. 93. 
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composed of a fine primary structure and an agglomerated material. 

Genus Tintinnopsis . 

2. Lorica with a very low, hyaline collar and a coarsely constituted bowl. 

Genus Stenosemella . 

3. Lorica consisting of a higher, hyaline, subcylindrical collar with spiral 

turns and a coarser bowl with an alveolar pattern or agglomerated 
particles. Genus Codonellopsis . 

4. Lorica usually bell-shaped, with a flaring callar divided by a nuchal 

constriction from a bowl; wall bilamellate, with an irregularly poly¬ 
gonal reticulation. Genus Cyttarocylis. 

5. Lorica chalice-shaped; wall composed of separated lamellae with fine, 

subuniform, hexagons. Genus Parafavella. 

6. Lorica bell-shaped, having two elevated bands; wall weakly bilamina- 
ted; surface with minute irregular polygons or fine plications. 

Genus Ptychocylis . 

7. Lorica with double collars, inner one a little higher than the outer 

denticulated with short triangular teeth; wall bilamellate, usually 
hyciline, but not structureless. Genus Acanthostomella. 

8. Lorica elongated chalice-shaped ; aboral end drawn out into a simple 

caudal lance; wall generally hyaline, composed of almost separated 
laminae fused partially in the aboral end. Genus Parundella . 

9. Lorica vase- or cup-shaped, with a fairly developed inner collar by 

the reason of the thickened wall in the suboral region; wall trilamel- 
late, translucent. Genus Proplectella. 

10. Lorica consisting of a low funnel-shaped collar and an elongated bowl 

with a few ridges or lines; oral rim entire and circular; wall trans¬ 
lucent. Genus Amphorella. 

11. Lorica subcylindrical, open at the both ends; wall typically hyaline. 

Genus Tintinnus . 

12. Lorica elongate, tubular; collar an inverted, truncate, conical cone; 

shaft subcylindrical, with some fins at the aboral region; aboral end 

usually open; wall almost hyaline. Genus Salpingella. 

Family Codonellidae, 

Genus TINTINNOPSIS Stein, 1867. 

1. Tintinnopsis beroidea Stein. 

Tintinnopsis beroidea Stein, *1867; Kofoid and Campbell, 1929, p. 28, fig. 26; Hada, 


* Indicate a 1 iterators Which I have not examined. 
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1932 b, p. 41, fig. 2. 

Length, 61(50-74)/*; oral diameter, 35(31-40)/*. 

Occurs in February-April and September; common.- 

2. Tintinnopsis umula Meunier. 

Tintinnopsis umula Meunier, 1910, p. 145, pi. 13, figs. 21-25; Kofoid and Campbell, 
1929, p. 50, fig. 20; Hada, 1932 b, p. 42. fig. 3. 

Length, 60 /*; oral diameter, 40 /*. 

Occurs in March and April; very rare. 

3. Tintinnopsis tubulosoides Meunif.r. 

Tintinnopsis tubulosoides Meunier, 1910, p. 139, pi. 12, figs. 10, 11; Kufoid and Camp¬ 
bell, 1929, p. 49, fig. 74; Hada, 1932 b, p. 43, fig. 5. 

Length, 94(83-104)/*; oral diameter, 36(34-40)/*. 

Occurs in April; rare. 

4. Tintinnopsis tenuis, n. sp. 

Text-figure 1. 

Lorica elongated capsular, 2.0-2.5 oral diameters in length; oral rim 
usually entire; bowl cylindrical; aboral end generally hemispherical; wall 
thin, subuniform, 0.03 of the oral diameter in thickness, showing a slight 
spiral structure in the suboral part, with fine and sparse agglomerations. 

Length, 60(54-64)/*; oral diameter, 27(25-29)/*. 

Occurs in May-October; rare. 

Differs from Tintinnopsis acuminata Daday and Tps. beroidea Stein 
in the rounded aboral end and in the presence of the faint spiral structure, 
from Tps. karajacensis Brandt and Tps. rotundata Jorgensen in dimensions 
and in a sparse agglomerated material, and from Tps. minuta Wailes in 
being larger and in more slender proportions. 

5. Tintinnopsis conglobata, n. sp. 

Text-figure 2. 

Lorica ovoidal, 2.3 oral diameters in length, consisting of a short 
subcylindrical collar and an ovate bowl, widest near the middle, its greatest 
transdiameter 1.8 of the oral diameter; oral rim ragged: shoulder gradually 
sloping; aboral end rounded; wall rather coarse and thick, without a spiral 
’ structure. 
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Text*fig. 1. Tintinnopsis 
tenuis, n. sp. x750. 


Text fig. 2. Tintinnopsis Text-fig. 3. Tintinnopsis 

conglobata, n. sp. x 750. lohmanni Laac'KMANN. x 750. 


Length, 46(44-48)/*; oral diameter, 20 /*. 

Occurs in February-April; rare. 

Differs from Tintinnopsis compressa Daday in the presence of the 
marked subcylindrical nuchal part and from Tps . nucula (Fol) in the 
widened bowl, in the hemispherical aboral end and in the less shouldered 
collar. 


6. Tintinnopsis lohmanni Laackmann. 

Text-figure 3. 

Tintinnopsis lohmanni Laac kmann, 1906, p. 20, pi. 1, figs. 10, 11, pi. 2, fig. 23. 

Tintinnopsis sp. Brandt, 1906, pi. 17, figs. 1, 3; 1907, p. 180. 

Tintinnopsis tubulosa , var. lohmanni, Jorgknsbn, 1927, p. 7. 

Tintinnopsis siibacuta (part), Kokoid and Campbkll, 1929, p. 47. 

Lorica stout flask-shaped, 2 oral diameters in length, cylindrical an¬ 
teriorly, enlarged aborally; oral rim more or less irregular, no oral flare; 
tubular part 0.40- 0.43 of the total length in length, provided with 2 or 
3 spiral turns; aboral region subspherical or broadly conical, 1.14-1.23 
oral diameters in transdiameter at the posterior 0.3 of the total length; 
wall agglomerated rather coarsely, 0.08 oral diameters in thickness. 

Length, 60 p ; oral diameter, 30 p. 

Occurs in August; rare. 

Differs from Tintinnopsis compressa Daday in contour being composed 
of the oral cylindrical part and the expanding aboral region, from Tps . subacuta 
J&rgensen in the shortened anterior tubular part and in the shape of 
the aboral end, and from Tps. turgida Kofoid and Campbell in the short 
suboral region and in the presence of the spiral structure in the same portion. 
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7. Tintinnopsis directa, n. sp. 

Text-figure 4. 

Tintinnopsis sp. (T. campanula var.?; Ok am lira, 1907, p. 139, pi. 6, fig. 64. 

Tintinnopsis patula (part), Kofoid and Campbell, 1929, p. 43. 

Lorica tall campanulate, 1,6-2.2 oral diameters in length; oral rim 
irregular, flaring (60°-92°); suboral region somewhat tapering, conical (5*- 
10°), laid up with about 6 spiral turns, narrowest at the basal portion of 
the subcylindrical part, its smallest transdiameter 0.68-0.82 of the oral 
diameter ; posterior region subspherical, with a rounded aboral end, 0.80-0.95 
oral diameters in transdiameter; wall rather coarse in the posterior part, 
about 0.035 diameters in thickness at the thickest portion of the aboral 
region. 

Length, 88(72-100)/*; oral diameter, 42(10 15)/*; greatest transdia¬ 
meter, 38(34-40)/*. 

Type locality, off Tosa, Japan. 

Occurs in July-Oetober; common. 

Differs from Tintinnopsis dadayi Kofoid in the elongated lorica and 
in the coarse surface, from Tps . everta Kofoid and Campbell in having 
a distinct aboral enlargement, from Tps . pallida Brandt in the presence 
of the more differentiated aboral part, and from Tps. tnrgida Kofoid and 
Campbell in possession of a flare of the oral rim. 

8. Tintinnopsis butschlii Daday. 

Text-figuro 5. 

Tintinnopsis Biitschlti Daday, 1887, p. 556, pi. 20, figs t, 5; Kofoid and Campbell, 
1929, p 29, fig. 85. 

Tintinnopsis campanula vur b biitschlii (part), Brandt, 1S07, p. 151. 

Lorica campanulate, consisting of a broadly expanding and everated 
oral region and a convex conical bowl, its length 0.94-1.05 oral diameter; 
oral rim roughened, conical (about 130°); bowl narrowest at the upper third 
of the lorica, its least transdiameter 0.41-0.15 of the oral diameter, dilated 
posteriorly a little (7°-9°), 0.43-0.48 of the oral diameter in greatest trans¬ 
diameter at the posterior 0.25 of the total length; aboral end hemispheric¬ 
al ; wall 0.023-0.027 oral diameters in thickness, with a trace of a spiral 
structure in the suboral nuchal region. 

Length, 88(84-92)/*; oral diameter, 88(80-92)/*; greatest transdiameter 
of the bowl, 40(38-43)/*. 

Occurs in August-October; common. 
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Differs from Tintinnopsis cyatkus Daday and Tps. everta Kofoid and 
Campbell in the more spreading oral flare and from Tps. mortensenii 
Schmidt in the shape of the oral flare which is not so much everted in 
this species as in the last. 

9. Tintinnopsis karajacensis Brandt. 

Text-figure 6. 

Tintinnopsis karajacensis Brandt, 1896, p. 57, pi 3, fig. 5; 1906 (part), t9, figs. 5, 10* 
12, pi. 26, fig. 3; 1907, p. 162; Laackmann, 1906, p. 21, pi. 1, figs. 12-14; 
JOrgensgn, 1927, pp. 5, 7; Kofoid and Campbell, 1929, p. 37, fig. 38. 

Lorica cylindrical, 2.0-2.7 oral diameters in length, oral rim ragged; 
aboral end rounded or disfigured as the result of irregularly agglomerated 
particles; wall coarse, having several slight spiral turns in the anterior half. 



Text-fig. 4. Tintinnopsis Text-fig. 5 Tintinnopsis Text-fig. 6. Tintinnopsis 

directa, r. sp. x650. biitschlii Daday *550. karajacensis Brandt x300. 

Length, 111-172 /*; oral diameter, 55-64/*. 

Occurs in June and July; rare. 

Differs from Tintinnopsis cochleata (Brandt) in less extensive spiral 
organization and in roughened agglomeration, from Tps. lobiancoi Daday 
in the shorter lorica, and from Tps. rotundata Jorgensen in more slender 
proportions and in the shape of the aboral end. 

10. Tintinnopsis lobiancoi Daday. 

Text-figure 7. 

Tintinnopsis L0kiamtoi Daday, 1887, pp. 545, 553, pi. 19, fig. 27; Clsvs, 1900 a, p. 17, 
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fig. 4; 1900b, p. 18; Brandt, 1906, pi. 19, fig. 3, pi. 24, fig. 16, pi. 26, figs. 
7, 8; 1907, p. 160; Okamura. 1907, p. 137, pi. 6, fig. 56; Entz, Jp. (part), 
1909, pi. 9, fig. 2, pi. 12, fig. 4, pi. 21, fig. 6; Merkle, 1909, p. 153, pi. 2, 
figs. 13, 24; Meunier, 1910, p. 138, pi. 12, figs. 5 9; Jorgenben, 1927, pp. 
5, 7; Kofoid and Campbell, 1929, p. 38, fig. 95. 

Tintinnopsis radix forma subrotundata Laackmann, 1913, p. 23, pi. 2, fig 32. 

Tintinnopsis radix forma curta-subrotundata Laackmann, 1913, p. 23, pi. 2, fig. 34. 

Lorica elongate, tubular, usually straight, 4.5 oral diameters in length; 
oral rim ragged; ahoral end rounded or shaped somewhat irregularly; 
wall agglomerated roughly, but comparatively thin, 0.04 of the oral diameter 
in thickness, without a spiral structure. 

Length, 151 p; oral diameter, 34 /*. 

Occurs in September; very rare. 

Differs from Tintinnopsis karajacensis Brandt in the longer lorica and 
in slender proportions and from Tps. cochleata (Brandt) in lack of the 
spiral structure. 

11. Tintinnopsis tocantinensis Kofoid and Campbell. 

Text-figure 8. 

Tintinnopsis aperta var. a Brandt, 1906, pi. 25, figs. 2, 7; 1907 pp. 129, 177. 

Tintinnopsis tocantinensis Kofoid and Campbell, 1929, p. 48, fig. 46. 



Text-fig, 7. Tintinnopsis tocantinensis Kofoid and Ttxthg. 9. Tintinnopsis kofoidi 
lobiancoi Daday x400. Campbell x600. Hada x350. 
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Lorica elongated, 4.7 oral diameters in length, cylindrical anteriorly, 
expanding posteriorly, tapering distally into a stout aboral horn; dilated 
part not spiraled, 1J2 of the oral diameter in transdiameter; aboral horn 
conical (35°), obliquely or irregularly open at the tip; wall thick and 
coarse. 

Length, 103 fit ; oral diameter, 22 fit. 

Occurs in September; .very rare. 

Differs from Tintinnopsis aperta Brandt in the absence of the spiral 
structure at the enlarged region and in having the stout aboral horn. 


12. Tintinnopsis kofoidi Hada. 

Text-figure 9. 

Tintinnopsis kofoidi Hada, 1932 a, p. 210, figs. 2, 3; 1932 b, p. 44, fig. 6. 

Occurs in July; rare. 


13. Tintinnopsis radix (Imhof) Brandt. 

Text-figure 10. 



Text*fig. 10. Tintinnopsis radix 
i Imhof) x250. 


Codonella radix Imhof, 1886, p. 103. 

Tintinnopsis Davidoffii Dad ay, 1887, p. 552, pi. 19, 
fig. 23. 

Tintinnopsis Davidoffii var. cylindrica (part), Daday, 
1887, p. 553, pi. 19, fig. 25. 

Tintinnopsis Davidoffii var. longicauda, Daday, 1887, 
pp. 545, 553, pi. 19, fig. 26. 

Tintinnopsis curvicauda Daday, 1887, p. 564, pL 19, 
fig. 33 

Tintinnopsis fracta Brandt, 1906 pi. 23, figs. 1, 3-5, 
9-13, pL 31, fig. 8; 1907, p. 174; Oka- 
mura, 1907, p. 137, pi. 6, fig. 57. 
Tintinnopsis radix , Brandt, 1907, p. 20; Laackmann, 
1913, p. 17, pi. 2, figs. 17-20, 27-28; 
Kofoid and Campbell, 1929, p. 45, fig. 
93. 

Tintinnopsis radix forma typica Laackmann, 1913, p. 

22 . 

Tintinnopsis radix forma curta Laackmann, 1913, p. 
23, pi. 2, figs. 21-24, 2d 

Tintinnopsis radix forma cylindrica, Laackmann, 
1913, p. 23, pL 2, figs. 25, 29-31. 

Lorica elongate, slender, tubular, 6.0-9.5 
oral diameters in length; oral rim generally 
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entire, sometimes irregular; bowl long, cylindrical; aboral region tapering 
gradually into an aboral horn, inverted conical (4r~21*); aboral horn 
usually more or less curved, with an irregularly formed aboral opening 
typically set laterally as gouged, leaving its tip or cutting off it; wall thin 
and fragile, 0.03 of the oral diameter in thickness, with a slight spiral 
structure. 

Length, 337(260-416)/*; oral diameter, 43(40-45)//. 

Occurs in August-October; common. 

Differs from Tintinnopsis hofoidi Hada in the fragile construction of 
the lorica, in less contraction at the aboral region, and in the shape of 
the lateral opening in the aboral horn. 

Family Codonellopsidae. 

Genus STENOSEMELLA JORGENSEN, 1924. 

14. Stenosemella nivalis (Meunier) Kofoid and Campbell. 

Text-figure 11. 

Codonella ventricosa, Entz, Sr., 1884, p. 413, pi. 24, fig. 24. 

Tintinnopsis ventricosa , Daday, 1887, pp. 516, 559, pi. 20, fig*. 19, 20. 

Tintinnopsis nucula (part), Laackmann, 1906, p. 19, pi. 1, fig. 4, pi. 3, figs 48-50; Camp¬ 
bell, 1926, pp. 179-236, pi. 12-15, text-figs A-G. 

Tintinnopsis nivalis Meunier, 1910, p. 143, pi. 13, figs. 26, 27. 

Stenosemella nucula , J5kgensen, 1927, p. 8, fig. 7. 

Stenosemella nivalis , Kofoid and Campbeu* 1929, p. 69, fig. 136. 

Lorica ovoidal, 1.8-2.2 oral diameters in length; collar somewhat con¬ 
cave conical, 0.08-0.10 of the total length in height; bowl widest a little 
upper the middle of the lorica, 1.9 oral diameters in transdiameter; aboral 
region subacute; wall of the collar thin and hyaline, about 0.05 of the 
oral diameter in thickness, sometimes with a few foreign particles, wall 
of the bowl with a rather coarse agglomerated material. 

Length, 43(40-44)/*; oral diameter, 21(20-22)/*; transdiameter of the 
bowl, 39(36-41)/*. 

Occurs throughout the year; rare. 

Differs from Stenosemella pacifica Kofoid and Campbell in lack of 
fenestrae at the base of the collar and from S. ventricosa (ClaparEde 
Lachmann) in dimensions. 

Genus CODONELLOPS1S JORGENSEN, 1924. 

15. Codonellopsis pusilla (Cleve) Kofoid and Campbell. 

Text-figure 12. 

Codonella pmilla Clsve, * 1900; Brandt, 1907, p. 120. 
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Codonellopsis pusilla , Kofoid and Campbell, 1929. p. 87. fig. 146. 

Lorica stout fusiform, 2.6 oral diameters in length; collar subcylindrical 
in the anterior 0.6 of its length and posteriorly conical (55*), then gradually 
changing into an ovoidal bowl, with about 13 spiral turns extending to¬ 
wards the bowl; bowl ovate, 1.8 of the oral diameter in transdiameter; 
aboral region an inverted cone of 125°, with a blunt aboral end; wall 
nearly uniform in thickness throughout the lorica, composed of an alveolar 
structure and very few agglomerated particles. 

Length, 56/*; oral diamer, 21/*; transdiameter, 37/*. 

Occurs in July; very rare. 

Differs from Codonellopsis contracta Kofoid and Campbell in lack of 
fenestration of the basal portion of the collar and in the subacute aboral 
end. 


16 . Codonellopsis contracta Kofoid and Campbell. 

Text-figure 13. 

Codonellopsis contracta Kofoid and Camprei.i., 1929, p. 78, fig. 147. 

Lorica ovate, 2.1 oral diameters in length ; collar 0.31-0.35 of the total 
length in length, usually with 6 spiral turns, concave conical (30M0°), 
provided with a few, transversely elliptical fenestrae in its basal part; bowl 
globose, 1.7 of the oral diameter in thickness, with primary and secondary 
structures and few agglomerated particles. 

Length, 43(40-45)/*; oral diameter, 22(20-23)/*, transdiameter, 36(35- 
37)/*. 

Occurs in July ; rare. 



Text-fig. 11. Stenosemella 
nivalis (Meunirr) x750. 



Text-fig. 12. Codonellopsis 
pusilla (Clf.ve; x750. 



Text-fig 13 Codonellopsis 
contracta Kofoid and 
t Campbell x750. 


Differs from Codonellopsis frigida Hada in having fenestrae and in 
the smoothly sloping shoulder and from C. pusilla (Cleve) in the presence 
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of fenestration at the lower part of the collar, in the comparatively small 
number of spiral turns, and in its hemispherical aboral end. 


17. Codonellopsis limosa, n. sp. 

Text-figure 14. 


Lorica ovoidal, 2.4 oral diameters in 
length; collar short with a little oral eversion, 
0.13 of the total length in length, convex 
conical (30°), figured with a few spiral turns ; 
bowl ovate, widest near the middle of the 
lorica, 1.8 oral diameters in transdiameter; 
aboral region hemispherical; wall agglo¬ 
merated neatly with small particles. 

Length, 82 f* ; oral diameter, 33 ft ; 
greatest transdiameter, 63 p. 

Occurs in January; very rare. 

Differs from all other allied species of 
Codonellopsis morchella (Cleve) in the short 
collar and in fewer spiral turns. 



Text-fig. 14. Codonellopsis 
limosa, n. sp. x550. 


18. Codonellopsis orientalis, n. sp. 

Text-figure 15. 

Lorica consisting of a subey 1 indrical collar and an ovate bowl, 2.5-2.7 
oral diameters in length; oral rim flaring; collar 0.30-0.42 of the total 



Text-fig. 15. Codonellopsis orientalis, n. sp. x65S. 
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length in length, constricted slightly in the suboral part and bulging out 
in die middle, with 8-11 spiral turns increasing in width towards the bowl, 
a few fenestrae appearing in the dilated region; bowl widest a little above 
the middle, contracting aborally; aboral region broadly convex conical 
(85°-105°); aboral end blunt; wall coarsely agglomerated. 

Length, 90(84-92)/*; oral diameter* 34(32-34)/*; greatest transdiameter, 
50/*. 

Occurs in September-January; common. 

Differs from Codonellopsis americana Kofoid and Campbell, C. er,y- 
thraensis (Brandt), and C. indica Kofoid and Campbell in the conical 
aboral region and from C. morchclla (Cleve) in an everted oral margin 
and in the shape of the collar. 

Family Cyttarocylidae. 

Genus CYTTAROCYLIS Fol, 1881. 

19. Cyttarocylis magna Brandt. 

Text-figure 16. 

Cyttarocylis cassis var. c magna Brandt, 1906, pi. 34, fig. 3, pi. 35, fig. 3; 1907, pp. 189, 
196; Laackmann, 1909, p. 447. 

Cyttarocylis magna , Kofoid and Campbell, 1929, p. 114, fig. 222; Kofoid, 1930, fig. 29 
(No. 222). 

Lorica consisting of a low funnel-shaped collar and a tall inverted conical 
bowl of angles changing from 15“ in the anterior half to 45° in the aboral 
region, its length 1.8-2.2 oral diameters; oral rim irregularly dentate; 
collar convex conical (42°), 0.9 oral diameters in transdiameter, 0.06 of 
the total length in length; aboral horn short, 0.05 of the total length 
in length, shaped irregularly; wall with a comparatively larger polygonal 
reticulation. 

Length, 300 /*; oral diameter, 150 /'. 

Occurs in November; rare. 

Differs from Cyttarocylis acutiformis Kofoid and Campbell in the 
coarsely reticulated wall and in having the marked aboral horn and from 
C. cassis (Haeckel) in the tall tapering bowl. 

Genus PARAFAVELLA KOFOID and CAMPBELL, 1929. 

20. Parafavella denticulata (Ehrenberg) Kofoid and Campbell. 

Tintinnus denticulatus Ehrenberg, * 1840. 

Parafaoella denticulata, Kofoid and Campbell, 1629, p. 163, fig. 310; Hada, 1932 b, 
p. 50, fig. 15. 
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Length, 225(200-235)/*; oral diameter, 63(62-64)/*. 

Occurs in January-March; common. 

21. Parafavella gigantea (Brandt) Kofoid and Campbell. 

Cyttarocylis gigantea (part) Brandt, 1896, p. 63, pi. 3, figs. 21, 24. 

Parafavella gigantea, Kofoid and Campbell, 1929, p. 165, fig 311; Hada, 1932 b, p. 51, 
fig. 16. 

Length, 380(337-486)/'; oral diameter, 65(63-69)/'. 

Occurs in January-May; common. 

22. Parafavella pacifica Hada. 

Parafavella pacifica Hada, 1932 b, p. 49, fig 13 

Length, 135(120-154)/'; oral diameter, 47(45-52)/*. 

Occurs in June-September; common. 


23. Parafavella faceta, n. sp. 

Text-figure 17 

Lorica tall bell-shaped, 2.0-3.1 oral diameters in length; oral rim 
denticulate with about 48 triangular teeth ; bowl dilated slightly at the 



Text-fig. 16. Cyttarocylis 
magna Brandt x200. 



Text-fig 17. Parafavella 
faceta, n. ap. x400. 



Text-fig. 18. Parafavella 
ventricosa (J6rgensen) x 250. 
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anterior 0.2 of the total length, its widest transdiameter 1.07 oral diameters, 
below the suboral expansion contracting gradually, changing from 10°-15° 
at the middle to 70°-90° in the aboral region; aboral horn stout, shortened, 
conical (20°-32°), 0.07-0.09 of the total length in length, tip usually acute. 

Length, 147(123-171)/*; oral diameter, 56(51-61)/*; greatest transdia¬ 
meter, 60(54-65)/*. 

Occurs in January; common. 

Differs from Parafavella obtusangula (Ostenfeld) and P. parumdentata 
(Bkandt) in more abrupt contraction of the aboral region and in having 
a more distinct aboral horn and from P. padfica Hada in having many 
teeth of the oral rim and in the slowly contracting aboral part. 

24. Parafavella ventricosa (JOrgensen) Kofoid and Campbell. 

Text-figure 18. 

Cyttarocylis denticulata var. p cylindrica forma ventricosa Jorgensen. 1899, p. 84, pi. 3, 
fig. 30. 

Parafavella ventricosa, Kofoid and Campbell, 1929, p. 171, fig. 314; Kofoid, 1930, 
fig. 30 (No. 314), 

Lorica fingei^shaped, 5 oral diameters in length; oral margin denticulated 
with comparatively fewer teeth; bowl subcylindrical, with a slight suboral 
bulge, enlarged gradually towards the aboral end and widest at the posterior 
0.37 of the total length, its greatest transdiameter 1.25 oral diameters; 
aboral region an inverted convex cone of 78°; aboral horn 0.1 of the total 
length in length, conical (8°), tip more or less acute. 

Length, 316 ft ; oral diameter, 64 ft; greatest transdiameter, 80ft . 

Occurs in August; very rare. 

Differs from Parafavella gigantea (Brandt) in the -bulbous aboral region, 
in the shorter horn, and in fewer teeth on the oral margin. 

25. Parafavella subrotundata (J&rgensen) Kofoid and Campbell. 

<4 

Cyttarocylis denticulata var. y subrotundata Jorgensen, 1899, p. 34, pi. 2, figs. 20, 21. 

Parafavella subrotundata. Kofoid and Campbell, 1929, p. 170, fig. 316; Hada, 1932 b, 
p. 54, fig. 1 . 

Length, 220(211-22 8)ft; oral diameter, 62(58-63)/'. 

Occurs in February and March; rare. 



TINTINNOINEA OF MUT8U BAY 


667 


Family Ptychocylidae. 

Genus PTYCHOCYLIS Brandt, 1896. 

26. Ptychocylis obtusa Brandt. 

Ptychocylis obtusa Brandt, 1896, p, 59, pi. 3, fig. 15; Kofoid and Campbell. 1929, p. 
188, fig. 349; Hada, 1932 b, p. 55, fig. 21. 

Length, 98(97-112 )a* ; oral diameter, 63 (60-71)/a 
O ccurs in January-July; common. 

27. Ptychocylis drygalskii Brandt. 

Text-figure 19. 

Ptychocylis Drygalskii Brandt, 1896, p. 59, pi. 3, fig. 14; Kofoid and Campbell, 1929, 
p. 188, fig. 350. 

Ptychocylis umula var. digitalis Jorgensen, 1901, p. 17, pi. 2, figs. 29, 30. 

Ptychocylis umula var. digitalis forma subintegerrima Jorgensen, 1901, p. 26, pi. 3, fig. 
31. 

Ptychocylis obtusa var. drygalskyi (part;, Brandt, 1906, pi. 55, figs. 1 3, pi. 56, figs. 3, 
3 a, pi. 57, fig 10; 1907, p. 312. 

Ptychocylis ventricosa Meuniek, 1910, p. 127, pi. 10, fig. 3. 

Lorica wide goblet-shaped, 1.4 oral diameters in length; oral rim 
regularly denticulated ; bowl generally a low, inverted, convex cone with 
two distinct expansions: each respectively 1.15 and 1.20 oral diameters in 
transdiameter; aboral region concave conical 90°; aboral end broadly 
rounded, more or less thicker than the other parts, with a rugose surface. 
Length, 77 /*; oral diameter, 55/*. 

Occurs in July; very rare. 

Differs from Ptychocylis obtusa Bhandt in stouter proportions and in 
the shape of the aboral cone. 

Family Pet&lotrichidae. 

Genus ACANTHOSTOMELLA JORGENSEN, 1927. 

28. Acanthostomella norvegica (Daday) J&rgensen. 

Text-figure 20. 

Amphorella norvegica Daday, 1887, p. 543. 

Acanthostomella norvegica, Kofoid and Campbell, 1929, p. 193, fig. 363; Hada, 1932 b, 
p. 56, fig. 22. 

Length, 43-47 /ti; oral diameter, 29-30 /*; greatest transdiameter, 
31-32 ft. 

Occurs in February and March; rare. 
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Family XystoneUidae. 

Genus PARUNDELLA JORGENSEN, 1924. 

29. Parundella peHucida (J6rgensen) Kofoid and Campbell. 

Text-figure 21. 

Undella peHucida (part) Jorgensek, 1899, p. 41, pi. 1, fig. 7. 

Parundella pellucida , Kopoid and Campbell, 1929, p. 233, fig. 438. 

Lorica elongate chalice-shaped, 4 oral diameters in length; oral rim 
entire; bowl subcylindrical, slightly contracting in the anterior 0.25 of the 
total length ; aboral region tapering (45*) to a caudal spine; lance conical 
(18°), 0.25 of the total length in length, single-lamellate in the posterior 
0.42 of its length, with three somewhat spiral costae on the upper thick- 
walled part, tip pointed. 

Length, 102 p ; oral diameter, 27 p. 

Occurs in November; very rare. 

Differs from Parundella caudata (Ostenfeld) in the absence of pre¬ 
dominant fins at the junction of the aboral region and the lance. 



Text-fig. 19. Ptychocylis Text-fig. 20. Acanthostomella I j 

drygalskii BRANDT x800. • norvcgica (Daday) x 1000. * 

Text-fig. 21. Parundella 
pellucida (Jorgensen) x600. 

Family Undellidae. 

Genu# PROPLECTELLA Kofoid and CAMPBELL, 1929. 

30. Proplectella expolita, n. sp. 

Text-figure 22. 

Iibrica stout flask-shaped, with a well-developed outer collar, 2.00-2*58 
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oral diameters in length; suboral region subcylindrical, thinning out¬ 
wardly to a sharp oral rim, its length 0.30-0.33 of the total length; 
bowl generally stibspherical, sometimes broadly ovate, 1.5-2.0 oral diameters 



Text-fig. 22. Proplectella expolita, n. sp x750. 


in transdiameter; aboral end usually hemisherical or widely rounded, 
occasionally showing weakly a trace of bluntly pointing; wall thickened at 
the basal part of the collar, thinning gradually towards the ahoral end, 
about 0.15 of the oral diameter in thickness in the thickest wall of the 
collar. 

Length, 66(56-76)/*; oral diameter, 27(24 30)/*; transdiameter of the 
bowl, 49(44-52)/*. 

Occurs in June-August; common. 

Differs from all other species of Proplectella in having the conspicuous 
collar and from Undella californiensis Kofoid and Campbell in the structure 
of the wall which is uniform in thickness in that species, but in this species 
is thickest at the lower part of the collar and thinnest at the aboral end. 

Family Tintinnidae. 

Genus AMPHORELLA Daday, 1887. 

31. Amphorella brandti Jorgensen. 

Text-figure 23. 

Tintinnus amphora , Brandt, 1906, pi. 69, fig. 6; 1907 (part), p. 433. 

Amphorella quadrilineata var. brandti Jorgensen, * 1924. 

Amphorella brandti t Kofoid and Campbell, 1929, p. 309, fig. 588. 

Lorica 2.2-2.6 oral diameters in length, consisting of a collar of the 
circular cross-section and a triangular bowl, narrowest at the base of the 
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collar, its smallest transdiameter 0.71-1.79 of the oral diameter; collar 
an inverted, truncated, concave cone of 65°-75°; bowl cylindrical in the 
little upper part, triangular in the lower region with three prismatic 
longitudinal ridges; aboral end transversely concave; wall having separated 
lamellae in the anterior region of the lorica, fused posteriorly into a single 
lamina and thinning. 

Length, 119(100-128)/*; oral diameter, 44(42-46)/*. 

Occurs in March-October; common. 

Differs from Amphorella quadrilineata (C LA PARADE and LachmaNn) in 
having three instead of four fins. 


Genus TINTINNUS ScHRANK, 1803. 

32. Tintinnus exigua, n. sp. 

Text-figure 24. 

Lorica an elongate truncated cone of 3°-5°, S.5-4.2 oral diameters in 
length; oral end abruptly flaring to form a marked brim; sides nearly 
straight; aboral end 0.64-0.75 of the oral diameter in aboral diameter, 
without a brim and a flare. 

Length, 148(130-160)/*; oral diameter, 38(36-40)/*. 

Occurs in May-October; common. 

Differs from Tintinnus tenuis Kofoid and Campbell in being smaller 
and more widely conical. 



Text-fig. 23. Amphortlla 
brandti Jorgensen x 500. 



Text-fig. $4. Tintinnus 
exigua , n. sp. X 400. 





U 

Text-fig. 25. Titinnus tenuis 
Kofoid and Campbell x250. 
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33. Tintinnus tenuis Kofoid and Campbell. 

Text-figure 25. 

Tintinnus lusus-undae (part), Zacharias, 1906, p 518, fig. 6; Brandt, 1907, p. 420. 

Tintinnus lusus-undae var. c (part), Brandt, 1906, pi. 65, fig. 19; 1907, p. 422. 

Tintinnus tenue Kofoid and Campbell, 1929, p. 339, fig. 655. 

Lorica a long, inverted, truncated cone of 2’-3°, with very slightly 
expansion in the middle part, its length 4.4-5.9 oral diameters; both ends 
entire, oral one flaring with a brim, the other without a flare, 0.64-0.77 
of the oral diameter in aboral diameter. 

Length, 261(236-312)/*; oral diameter, 51(49-56)/*. 

Occurs in June-September; common. 

Differs from Tintinnus fraknoii Daday in the absence of the aboral 
flare and from T lusus-undae Entz in more slender proportions. 


Genus SALP1NGELLA Jorgensen, 1924. 

34. Salpingella attenuata JOrgensen. I 
Text-figure 26. 


Tintinnus acuminatus , Entz, Sr., 1885, p. 201, pi. 14, 
fig. 13. 

Tintinnus acuminatus var. c glnckentogeri (part) 
Brandt, 1906, pi. 68, fig. 2-4; 1907, p. 390. 

Salpingella acuminata subsp. glockentogeri var. at¬ 
tenuata Jorgensen, *1924. 

Salpingella attenuate t, Kofoid and Campbell, 1929, p. 
351, fig. 687. 

Lorica much elongated, slender, 9 oral dia¬ 
meters in length ; consisting of a funnel-shaped 
collar and a long k tubular bowl; collar a wide 
inverted concave cone of 60°; bowl cylindrical in 
the posterior half, 0.5 of the oral diameter in 
length, sharply conical (5°) in the posterior half, 
distally convex conical (30°) ; aboral end open, 
truncate; aboral region with 6 somewhat dexio- 
tropic fins on the posterior 0.29 of the total 
length. 

Length, 288 /*; oral diameter, 32 1 *; trans- 
diameter of the bowl, 16/*. 

Occurs in November; very rare. 

Differs from Salpingella gracilis Kofoid and 
Campbell in size and in having fewer fins and 



Text-fig. 26. Salpingella 
attenuata Jorgensen x300 
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from S. ricta Kofoid and Campbell in more slender proportions and in 
lack of the surface rugose. 
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